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1-1. Round off the following numbers to three sigmficant 
figures: (a) 4.65735 m, (b) 55.578 s, (c) 4555 N, (d) 2768 kg. 


a) 4.66 m b)55.6s c) 4.56 kN d)2.77M* Ans 


1-2. Wood has a density of 4.70 slug/ft 3 What is i 
density expressed in SI units? & * 


ltS , r nft 3 )(14^938 kg) 1 = 2 42 Mg/m î Ans 

(4.70 slug/fl )| (0 304 g m )3(l slug)J 


1-3. Represent each of the following quantities in the 
correct Sl form using an appropriate prefix: (a) 0.000431 kg, 
(b) 35.3(10 ? ) N, (c) 0.00532 km. 


a) 0.000431 kg = 0.00043l( 10 J ) g = 0.431g 

b) 35.3( 10 J ) N = 35.3 kN 

c) 0.00532 km = 0.00532 ( 10 3 ) m = 5.32 ra 


Ans 


Ans 


Ans 


♦ 1 - 4 * Repçesent each of the following combinations of 
un ifs in the correct SI form using an appropriate prefix: 
(a) m?ms, (b) /ikm, (c) ks/mg, and (d) km • /n.N. 


(a) m/ms = 


(c) ks/mg 


. r_i5_vi 

'(10) 2 m) 

= km/s 

V(IO)- 3 s ) I 

. s J 


(10)‘"(10) ! m 

. (10)' ! m 

* mm 

/ (10) ! s ] 

/(10)’ s' 

ì= Gs/kg 

[(ÌO)- 4 kgj 

l k8 . 

) 


(d) lan ■ /IN = [(10)’ m][(10y 6 n] = (10)' 1 mN = mmN An, 


1 -5. If a car is traveling at 55 mi/h, determine its speed 
in.kilometers per hour and meters per second. 


53 mi/h = fY—Y—1 

v l h A 1 mi A l ft AlOOOmJ 

* 88.5 lcm/h Ans 


Ans 


1-6, Evaluate each of the following and express with an 
appropriate prefix: (a) (430 kg) 2 , (b) (0.002 mg) 2 , and 
(c) (230 m) J . 


(a) (430 kg) 2 = 0.185(10") kg 2 = 0.185 Mg 2 An, 

(b) (0.002 mg) 2 = [2(10’") g] 3 = 4/jg 2 An, 

(c) (230 m) ! = [0.23(10 ! ) m]’ = 0.0122 km ! An, 


1-7. A rocket has a mass of ZSOOO 1 ) slugs on earth. 
Specify (a) its mass in SI units, and (b) its weight in SI 
units. If the rocket is on the moon, where the acceleration 
due to gravity is g m = 5.30 ft/s 2 , determine to three 
significant figures (c) its weight in SI units, and (d) its 
mass in SI units. 


Usìng Table 1-2 ind applying Eq. 1-3, we have 

a) 250( 10 3 ) slugs = [250(l0 3 ) slugs] ^ 5 ^ - ^ j 

= 3.64845( 10 6 ) kg 

= 3.65 Gg Ans 

b) W' = mg = [3.64845 ( 10 6 ) kg ](9.81 m/s 2 ) 

= 35.791 (10‘) kg i»/s’ 

= 35.8 MN Ans 


Or 


c) W m = mg m =[250(10 J ) slugs]( 5.30 ft/s 2 ) 

r , 4 . ,/4.4482 N> 

= [1.325(10«) lb](—) 

= 5.894(10‘) N = 5.89 MN 
/g_\ /5.30 ft/s 2 ) 

w - “ w -(t)= ( 35 -79i ™\ŷnûT>r 5 -* 9 ™ 

d) Since the mass is independent of its locadon, then 

m. = m. = 3.65(10*) kg = 3.65 Gg 


Ans 


Ans 


i 









































*l- 8 . Represent each of the following combinations of 
units in the correct SI form: (a) kN/ju.s, (b) Mg/mN, and 
(c) MN/(kg-ms). 


(a) 

kN//is = 10 3 N/(I0~ 6 )s = GN/s 

Ans 

(b) 

Mg/mN = 10 6 g/10” 5 N = Gg/N 

Ans 

(c) 

MN/(kgms) = 10 6 N/kg(10“ 5 s) = GN/(kgs) 

Ans 


1 - 9 . The pascal (Pa) is actualiy a very smali unit of 
pressure. To show this, convert 1 Pa = 1 N/m 2 to lb/ft 2 . 
Atmospheric pressure at sea level is 14.7 lb/in 2 . 
How many pascals is this? 


Using Table 1-2, we have 

IN r Hb V0.3048 2 m J ) . 

1 Pa= ^l^Nj[-n^-J =20 ' 9 ( 10 ) lb/ft A “ 
i atm= i^fi^Yl 44m2 ¥ ì 

in 2 ( 1 lb 1 ft 2 J/0.3048 2 m 2 ) 


■■ 101.3( 10 5 ) N/m 2 
■ 101 kPa 


1 - 10 . What is the weight in newtons of an object that 
has a mass of: (a) 10 kg, (b) 0.5 g, (c) 4.50 Mg? Express 

prefíx SU 110 threC S ' gnÌfÌCant figures ' Use an a PPropriate 


(a) Mr=(9 81 m/s 2 )(10kg) » 98.1 N Ans 

(b) VV = (9.81 m/s ! ) (0.5 g)(t0" 5 kg/g) « 4.90 mN Ans 

(c) IV = (9.81 m/s J )(4.5 MgJ^IO 5 kg/Mg) = 44. lkN Ans 


1 - 11 . Evaluate each of the fo!lowing to three significant 
figures and express each answer in Sl units using an 
appropriate prefix: (a) 354 mg(45 km)/(0.035 6 kN), 
(b) (.004 53 Mg)(201 ms), (c) 435 MN/23.2 mm. 


a) (354mgH45lcm)/nna«;nj- [ 354 ( 10 ~ 5 ) glf^dO 5 ) m] 

0.0356Í10 3 ) N 

= 0.447(10») g-m 
N 

= 0.447 kg • m/N 

b) (0.00453 Mg)(201 ms) =[ 4 .53( 10~ 5 ) ( 10 5 ) kg][20! ( 10' 5 ) s] 

= 0.911 kgs 


c) 475 MN/23 7 mm - 4351 ‘0*) N 18.75(10») N 
23.2(10- 3 ) m" m " 


Ans 

8 GN/ra Ans 


*1-12. Convert each of the following and exoress the 

Sî/m 3 (“bTfft/h prefÌX: (a) 175Ib / ft3 to 

N/m , (b) 6 ft/h to mm/s, and (c) 835 lb • ft to kN • m. 


—- 

= p5^ = 27 5kN/m , 

(6 ft > \/'0.3048 lh Y 

(b) e f t/ h =(—)(—rs— )C^ô5^ J 

= 0.508(10y 5 m/s = 0.508 mm/s 

/4.4482 NX/0.3048mX 

(c) 835 Ib • ft = (835 Ib - *t)[—^—J 

= 1.13(10) 5 N m = 1.13 kN m 


Ans 
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1-13. Convert each of the following to three significant 
figures. (a) 20 Ib • ft to N • m, (b) 450 lb/ft 3 to kN/m 3 , and 
(c) 15 ft/h to mm/s. 


Using Table 1 - 2, we h»ve 


a) 201b.ft= ím N y 3048 m j 


= 27.1 N-m 


b) 450 Ib/fr 


,i _/ -450 Ib V4.4482 NV 1 kN y I ft 3 ^ 
k ft J Jl 1 Ib JuO00nJ(0.3O48 j m J J 


= 70.7 lcN/m 5 




Ì-M. If an object has a mass of 40 slugs, determine its 
mass ìn fcilograms. 


40 slugs (14.5938 kg/slug) = 584 kg Ans 


1-15. Water has a density of 1.94 slug/ft\ What is the 
density expressed in SI units? Express the answer to three 
significant figures. 


Using Tiblc 1-2, we have 

_r l.94slug VI4.5938 kgV 1 ft 5 \ 
l ft J Jl 1 slug J(0. 3048 3 m’ J 
= 999.8 kg/m J = 1.00 Mg/m 3 


*1-16. T\vo particles have a mass of 8 kg and 12 kg, f = g hhJhi 
respectively. If they are 800 mm apart, determine the force 

of gravity acting between them. Compare this result with where g = 6 . 673 (t 0 ‘“) m’/(kg s 1 ) 
the weight of each particle. 


F > 6.673(10 


.„ r8(i2) j = 

L(0.8) 2 J 


10.0(10**) N = 10.0 tiN 


W, = 8(9.81) = 78.5 N 
Wj = 12(9.81) = 118 N 


1-17. Determine the mass of an object that 

has a weight of (a) 20 mN, (b) 150 kN, (c) 60 MN. Express 

the answer to three significant figures. 


Applying Eq. 1 - 3, *e have 


W 20(10-’) kg m/s J 

4) WJ 7 = 9.I Û5 T — ° 2 04g A “ 


W ISOÍIO 3 ) kg m/s J ,., w 
b) W °7° 9.8l " m/s J - 15 ' 3Mg ^ 


W 60(10*) kg m/s J , 

c ) m = — = — -—£-= 6.12Gg Ans 

' g 9.81 m/s J 
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1-18. If a man vveighs 155 lb on earth, specify (a) his 
mass in slugs, (b) his mass in kilograms, and (c) his 
weight in newtons. If the man is on the moon, where 
the acceleration due to gravity is g m = 5.30 ft/s 2 , 
determine (d) his weight in pounds, and (e) his mass in 
kilograms. 


m = ^2 = 4 ' 81 slu S 


(b) m = 


, rH.5938 kg] 

= 1ÎS [~ 322 I = 70 ' 2 Ans 


(c) W = 155 (4.4482) = 689 N 


(e) m = 155 


2,5 » 


1-19. Using the base units of the SI system, show that 
Eq. 1-2 is a dimensionally homogeneous equation which 
gives F in newtons. Determine to three significant figures 
the gravitational force acting between two spheres that 
are touching each other.The mass of each sphere is 200 ka 
and the radius is 300 mm. 


Using Eq. 1 -2. 


r 14.5938 kg-I 

= 5 L~«ô~- J = 102 “* 


F=G^ 

r 2 


N-f-í-V5LJ2ì. 

(kg■s 2 JV m J J 


r - m \ m 2 


(Q.e.d.) 


- 66.73 ( ,0-)f»>] 
= 7.4l(l0-‘) N = 7.41^N 


figures and a ' U e a xpre a ss h elcÎ' a°„"wT® * ÎrumÍ'usiná ™ ^ 8 ' 60 ^ «32 m 

(b) (a) (0 - 631 M -)/(8.60 kg)í 1 <8 - 60)íkg2 


’ 8 î3 (lO ì ) ra ^8 i = 8.53 fan/kg J AnJ 
“ ^ ' 0 “) -P*> »D' - 135 m V 4 . 






5 


2-5. Resolve the force Fj into components acting along 
the u and v axes and determine the magnitudes of the 
components. 



F ‘--205 N An> 
300 

sm30 ° stalTÒ^ 

* = 160 N Ans 


\ - •* F = 3oon 


2-6. Resolve the force F 2 into components acting along 
the u and v axes and determine the magnitudes of the 
components. 


fiu = 500 

sin45 < ’ sin 70° 

F 2u = 376 N Ans 

F u _ 500 

sin65° sin 70° 

F 2, = 482 N Ana 


Fx-sooh \ 
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*2-8. Determine the angle 9 for connecting member A 
to the plate so that the resultant force of F A and F„ is 
directed horizontally to the right. Also, what is the 
magnitude of the resultant force. 



Paralltlogram Law : The paraUetogram Uw of addition is shown in 

Fig.(a). 

Trigonometry ; Using law of sines (Fig. (b)], we have 

sin (90° -6) _ sin 50° 

6 8 
sin (90° - 9) = 0.5745 

0 = 54.93° = 54.9° Ans 


yf. 

£ M 


'\ 

y\<K-e 

5C'/' 
- -? 

\Sp°‘ 


4ûN. 


í> Cll 



From the triangle, 0 = 180°-(90°-54.93°)-50° = 94.93°. Thus, using 
law of cosines. the magnihide of F, is 


Fr - + 94.93° 

= 10.4 kN 


/Sqo' -B 50 

F*. 

(b) 


2-9. The vertical force F acts downward at A on the two- 
membered frame. Determine the magnitudes of the two 
components of F directed along the axes of AB and AC. 
Set F — 500 N. 


Parallflogram Law : The parallelogtam law of addition is shown in 
Fig.(a). 

Trigonometry : Using law of sines [Fig.(b)], we have 

F„ _ 500 
sin60° sin75° 

F At = 448 N Ans 

Fac _ 500 
sin 45° sin 75° 



45' V. '<Ì°' 
/« '''/ 


/4 

/ S ' 


F ac = 36 6N 





www.usacingenieria.blogspot.com 


2-10. Solve Prob. 2-9 with F = 350 Ib. 


Parallelogram Law: The paraîlelogram law of addition is shown i 
Fig. (a). 

Trigonometry: Using law of sines [Fig. (b)j, w'e have 

Fab _ 350 
sin 60° sin 75° 

F ab = 314 Ib Ans 

F ac = 350 
sin 45° sin 75° 

F a ç — 256 lb Ans 



4 5°l'W 3(r 
^ 45 “ 

75° 


<J75" 

\ 60° 


2-11. The force acting on the gear tooth is F = 20 Ib. 
Resolve this force into two components acting along the 
iines aa and bb. 


20 _ F„ 

sin40° sin 80° ’ 

20 = F„ 

sin 40' sin 60" ’ 


F a = 30.6 Ib Ans 

F h = 26.9 Ib Ans 




*2-12. The component of force F acting along iine aa 
is require to be 30 lb. Determine the magnitude of F and 
its component along line bb. 


30 

F 

17 _ 

sin 80° 

sin 40° ’ 

/ — 

30 

F h 

r, _ 

sin 80° 

sin 60° 

• h — 


r = 19.6 lb Ans 


F h = 26.4 Ib Ans 




8 
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2-13. The 500-lb force acting on the frame is to be 
resolved into two components acting along the axis of the 
struts AB and AC. lf the component of force along AC 
is required to be 300 lb, directed from A to ( , determine 
the magnitude of force acting along A B and the angle 0 
of the 500-lb force. 


ParalUlogram Law: The parallelogram law of addition is shown in 
Hig. (a). 

Trigonometry: Using law of sines (Fig. (b)|. we have 

sin0 sin75° 

3ÔÓ “ 5(XT 

sin 0 = 0.5796 

0 = 35.42° Ans 


Thus, 

45° + 0 + 75° + 35.42° = i 80° 


F = 500 Ib 




0 = 24.58° = 24.6° 


f,\b _ 5QQ 
sin(45° + 24.58°) sin 75° 


Fab — 485 lb Ans 


2-14. The post is to be pulled out of the ground using 
two ropes A and B. Rope A is subjected to a force of 
600 lb and is dtrected at 60° fforn the horizontal. If the 
resultant force acting on the post is to be 1200 lb, verti- 
cally upward, determine the force T in rope B and the 
corresponding angle 0. 



T = v /(600) 2 + (1200)- - 2(600>( 1200) cos 30’ 


T = 743.59 Ib = 744 Ib 


Ans 


sin 0 sin 30° 
6 ÔÔ “ 743.59’ 


0 = 23.8° 


Ans 
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2-15. Determine the design angte 6 (0°*s 8 « 90°) for 
strut AB so that the 400-lb horizontal force has a 
component of 500-lb directed from A towards C. What is 
the component of force acting along member ABl Take 
<t> = 40°. 


ParalUlogram Law : Thc paralldograia Uw of additíon ia shown in 

Fig(a). 

Trigonomttry : Using Uw of sines [Fig. (b)], we have 

sin 8 _ sin 40° 
lôô = 400 
sin S = 0.8035 

9 = 53.46° »53.5° Ans 

Thus, p = 180° - 40° - 53.4«° = 86.54° 

Using Uw of sines [Fig.(b)J 

r*. _ 400 

sin 86.54° sin 40° 

Fit * 621 lb Ans 


*2-16. Determine the design angle 4> (0°« 4> s 90°) 
between struts AB and AC so that the 400-Ib horizontal 
force has a component of 600-Ib which acts up to the left, 
in the same direction as from B towards /t.Take 6 = 30°. 


Paralltlogram Law : The parallelogram Uw of addinon is shown in 
Fig.(a). 

Trigonomttry : Using Uw of eosines [Fig. (b)], we have 

Fic = V400 2 +600 2 -2(400)(600)cos 30° = 322.97 Ib 

Theangleŷ can bedetermined using Uw of sines[Fig. (b)]. 

sin p sin 30° 

400 = 322.97 
sin p = 0.6193 



4 » 38.3° 


Ans 
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2-17. The chisel exerts a foree of 20 lb on the vvood 
dowel rod which is turning in a lathe. Resolve this force 
into components acting (a) along the n and y axes and (b) 
along the x and I axes. 


r, _ 20 

sin 45° sin 60° 

F y = 16.3 Ib Ans 



-F„ _ 20 

sin75" sin60° 

F„ = -22.3 lb Ans 

F, _ 20 

sin 1 5° sin 120° 

F, = 5.98 Ib Ans 

F x _20_ 

sin 45° sín 120° 

F x = 16.3 lb Ans 




2-18. Two forces are applied at the end of a screw eye 
in order to reniove the post. Determine the angle 0(0° < 
$ < 90°) and the magnitude of force F so that the resultant 
force acting on the post is directed verticaliy upward and 
has a magnitude of 750 N. 


Parallelogram Law: The parallelogram law of addition is shown in 


Fig. (a). 


WM 

Trigtìnometry: Using law of sines (Hg. (b)], we have 


sin 0 

sin 30° 

Bl*. Ì * - t» * ■ 

'mMs 1 

750 

500 


sin0 = 

0.750 



mm 


(p = 131.41° (By observation, <f> > 80°) 

Thus, 

0 = 180° - 30" - 131.41° = 18.59" = 18.6" Ans 

F _ 500 
sin 18.59° “ sin 30° 






2-19. If Fi = F 2 « 30 Ib, determine the aneles 8 xnri a 
so that the resultant force is directed along the positive 
x axis and has a magnitude of F R = 20 Ib. 



30 _ jo_ 

sin <t> ~ Sine 


00)1 = 00)2 + (20)2 - 2 m(20)cose 

't’ = 0 = 70 . 5 ° . 



*2-20. The truck is to be towed using two ropes. 
Determine the magnitude of forces F/i and F 8 acting on 
each rope in order to develop a resultant force of 950 N 
directed along the positive x axis. Set 8 = 50°. 


ParaUtlogram Law : The parallelogram Iaw of addiúon is $hown in 

Fig.(a). 

Trigonomeíry : Using law of sines (Fig. (b)], we have 





UO' ' 

'ze' xTi. 


Ç:CM 


sin 50° sin 110° 


F b _ 9S0 

sin 20° sin 110° 

F, =346N 


í}50rJ 

(W 


12 
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2-21. The truck is to be towed using two ropes. If the 
resultant force is to be 950 N, directed along the positive 
x axis, determine the magnitudes of forces f' A gnd F fl 
acting on each rope and the angle of 6 of F„ so that the 
magnitude of F„ is a minimum. F^, acts at 20° from the x 
axis as shown. 


Parallelogram Law : In order to produce a minimum force F„, F, has 
to act perpendicular to F, .The parallelogram Iaw of addilion is shown in 
Fig(a). 

Trigonometry : Fig. (b). 


F s = 950sin 20° = 325 N 

Ans 

F a = 950COS 20° = 893 N 

Ans 

The angle 8 is 


8 = 90° — 20° = 70.0° 

Ans 


y 



95o 

(b) 


finding the resultant F' = V + F td S"*? 3 ' &St 
F/j = F' + f 3 . 1 an ^ l fi en forming 



F = /(20)2 + (30)2 _ 2(20)(30) cos73.13° = 30.85 N 
30.85 30 

- = -• Q — 1 47° 

sin73.13° sin(70° - Q') 


Fr = /(30.85)2 + ( 50)2 _ 2(30.85)(50) cosl.47° = 19.18 
19.18 


sinl.47° 


30.85 

sinÔ 


9 = 2.37° xs Ans 



F 2 = 20 N 



2-23. Deterraine the magnitude and direction of the 
resultant F R = F^ + F 2 + F 3 of the three forces by first 
finding the resultant F' = F 2 + F 3 and then forming 
F R = F' + F[. 


Fj= 30 N 



F 2 = 20 N 


F 3 = 50 N 


F = /(20)2 + ( 50)2 _ 2(20)(50) cos70° = 47.07 N 


siníT sin70° 


Fr = /(47.07)2 + (30) 2 _ 2(47.07)(30) cos 13.34° = 19.18 = 19.2 N Ans 



sin 13.34° sin if’ v 

e = 23.53° - 21.15° = 2.37° ■çs Ans 


Fl » / ■ 13.34- 


‘Fr+7.0?N 
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2-25. The log is being towed by two tractors A and B. 
Determine the magnitude of the two towing forees Fa 
and F/í if it is required that the resultant force have a 
magnitude F K = 10 kN and be directed along the x axis. 
Set 6 =15°. 



Parallelngram Law: The parallelogram law ot' addition is shown in 
Fìg. (aí. 

Trigonometry: Using law of sines IFig. íb)], we have 

Fa = 10 

810 15° sinl35 r ' 

/ , = 3.66 kN Ans 

F B = 10 

sin 30' sìn 135 1; 

F b = 7.07 kN Ans 



2-26. If the resultant F# of the two forces acting on 
the log is to be directed along the positive x axis and 
have a magnitude of 10 kN, determine the angle 0 of the 
cable, attached to B such that the force F fl in this cable 
is minimum. What is the magnitude of the force in each 
cable for this situation? 



Paratlelogram Law: In order <o produce a minimum force F«. F« h;is 
to act peipendicular to F A . Tlie parallelograni law of addition is shown 
in Fig. (a). 

Trigonometry: Fig. (b). 

F b = ÌOsin 30° = 5.00 kN Ans 
F a = 10 cos 30° = 8.66 kN Ans 




The angle 0 is 


0 = 90° - 30° = 60.0° 




2-27. The beam is to be hoisted using two chains 
Determine the magnitudes of forces F anH f q ,• 

ch,i„ „,a er dcc,„ P : r s B xroS n 

directed along the positive y axis. Set 6 = 45 °. 


r* óoo 

•in4J* jin 103*’ N An» 





y axis, determine rhe -1 . a alon S th e positive 
«cing „„ „C ch,in ,„g Z\ F ", 

the magnitude of F y ot «/# so that 

g uuue or is a mimmum. F„ acts ar "tn» 
the y axis as shown. 1 JU from 


Formmimum F t . mquire 
«««O* Ans 

^-«00 00130» »520 N An» 

« 600 Jm 30* 


- 300N Ai 
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2-29. Three chains act on the bracket such that they 
create a resultant force having a magnitude of 500 lb. If 
two of the chains are subjected to known forces, as shown, 
determine the orientation 6 of the third chain, measured 
clockwise from the positive x axis, so that the magnitude 
of force F in this chain is a minimum. Ail forces lie in the 
x-y plane. What is the magnitude of F? Hint: First find 
the resultant of the two known forces. Force Facts in this 
direction. 


Cosine lâw: 


F >‘ “ ✓300» + 200» - 2(300)(200)cos60* = 264.6 Ib 


»in(30°+9) jin60° 


When F u directed along P,, , f wilt be minimum to creue tfae rejuJunt foree. 


F*=F„+F 
500 = 264.6+ F mi . 
F mi . =235 Ib 


-30. Three cables pull on the pipe such that they create 
a resultant force havmg a magnitude of 900 Ib. If two of 
the cables are subjected to known forces, as shown in the 
figure, determme the direction 8of the third cable so that 
the magnitude of force F in this cable is a minimum. AII 
forces l,e ,n the x-y plane. What is the magnitude of F? 
Hmt: First fmd the resuitant of the two known forces. 


F' “ V(600>* + (400)* - 2(600X400) COJ 105' = 802.641b 
F = 900 - 802.64 = 97.4 Ib Anj 
jin t sin 105° 

'£5--ÌEiT : í = 4622 ° 

8 = 46.22' - 30° = 16.2' Ani 


17 
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2-33. Determine the magnitude of force F so that the 
resultant F/f of the three forces is as small as possible. 


V 



Sealar Nouuion : Suming the foroe componems algebraically, we hnve 


/>, = ZF, • />, = 20^ j- Fcos 45' 

= I6.0 -0.7071F -> 


► T />, =ZF y , F tj = 20^j- 12 + Fsin45° 
= 0.707lf T 


The magniude of ihe resultam force F, is 


= V (16.0 — 0.7071 F) 1 + (0.7071 F) 1 


= dF 1 - 22.63F+ 256 

Ul 

FÌ = F*- 22.63F+256 


2/>g=2F- 22.63 

[2] 

ÍF dì F«JF k dF,\ 

[3] 


In order to obtain the minimum resultant force F,, — a 0. From Eq. [2J 

dF 


. dF. 


2F,-~ = 2F- 22.63 = 0 


' dF 

F= 11.31 kN = 11.3 kN 
Substitule F= 11.31 lcN intoEq.fl], we have 

F* = t/llJl 1 -22.63( 11.31) + 256= /Ï281cN 


Ans 


Subsútute F s = /Ï28 kN with ~ = 0 into Eq.[3], we have 
dr 


<PF. 


dF 1 


= 0.0884 >0 


F.’HxA 


F*, 



_: 


Hence, F= 11.3 kN is indeed producing a tninimum resultant force. 
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2-34. Determine the magnitude of the resultant force 
and its direction, measured counterclockwise from the 
positive x axis. 

y 

1 

-* F R, 

II 

M 

4 

** - “(850) - 625 sin 30° - 750 sin45°= - 162.8 N 

F 3 =750N 


+ 1f„ 7 

= ZF 1 
y ’ 

3 

F * y ~ “^(850) — 625cos30° + 750cos45° = — 520.9 N 





= /(-162.8) 2 + (-520.9)2 = 546 N Ans 


w 



. _ , .,(-520.9-) 

) 

^ 



* L— -162.SJ - 7264 ° 

730°* 




6 = 180° + 72.64° = 253° Ans 

F 2 = 625 N 

F, = 850 N 



_,_ 


2-35. Three forces act on the bracfeet. Determine the 
magmtude and direction 9 of F, so that the resultant force 

of'1KN ^ 3 0118 the P ° SIt,Ve •*' axis and has a magnitude 



F 2 = 450 N 

f 

45° 

F 3 = 200N 
—► ——x 


~>F*, -£F,-. 1000 cos30° = 200 + 450 co.s45« + F t cos(0 + 30«) 

+ T F * y = ZF ’ '■ - 1000 sin30 ° = 450 sin45° - F t sin(6 + 30°) 


/) sin(6 + 30°) = 818.198 
F, cos( 0 + 30°) = 347.827 
e + 30° = 66.97°. g = 370 = Am 

F, = 889 N 


*2-36 If F, - 300 N and 9 = 20°. determine the 

S S“th d e lreCtÌ Ii n ’ m f aSUred “ Unterclod ™«e from 
on L EL tee, ,«i, g 



F 2 = 450 N 

r 

45° 

Fn = 200 N 


~ >Fg ‘ ~ = 300 cos50 ° + 200 + 450 cos45° = 711.03 N 

+ T F Ky = ZF ,; F s> = -300 sin50° + 450 sin45° = 88.38 N 

F„ = /(711.03) 2 + (88.38)2 = 717 N . 


0 (angle from x axis) = tan''í— 
L711 

<P' = 7.10° 

4 (angle from s-' axis) = 30° + 7 . 10 ' 
* = 37.1° Ans 


88.38 1 

L711.03J 


20 





f.'f, 7 ;. Determ ' ne the magnitude and direction 6of F. so 
that the resultant force is directed vertically upward ànd 
has a magnitude of 800 N. H ana 


sealar NotaHon : Suming «he foroe componenu «UgebnumJly. we heve 

F *. = 0=/ïsine + 400cos30 <, -600^J 

fîsin 6 = 133.6 


+ î/; > =ZfJ; F,' -S00 = F,cos 6+400sin 30° + 600^- 

/jcos 6 = 240 

Solving Eq. [1J and (2) yields 

«=29.1» ,| =27ÎN 



[1] 

0 

-1 oCo a / 
flt-- 


'7 

ï 2 * 

(!) 

í 

f 

l 

! 

\ 

( &-400F 

V ^ 
L^- í 

[2] 

7 - 


r 1 -- / w - 


■ fc*8oo 


21 
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*2-40. Determine the magnitude of the resultant force 
and its direction measured counterclockwise from the 
positive x axis. 


-*F U = LF,; . -30sin30‘>--L(26) =-25kN 


■ tF *> = f. 


'*> ’ - 30coj 30° + — (26) = -1.981 ItN 


F * = Á-2S) 1 + (-1.981) 3 = 25.1 


kN Am 




S = 180° + 4.53° . 18J° t. 


2-41. Solve Prob. 2-1 by summing the rectangular or 
x, y components of the forces to obtain the resultant force. 



F, = 30 kN 




t 5* l<fj 



~* F, X - LF X ; F kx = 600cos45° - 800sin60° = - 268.556 N 
+ 1" : F Ky = 600sin45° + 800cos60° = 824.264N 

= 1 /(824.264) 2 + (-268.556)2 = 866.91 = 867 N Ans 


e=180 °- un->(“î^i) 

268.556' 


= 180° - 71.95° = 108° 


23 
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2-42. Solve Prob. 2-22 by summing the rectangular or 
x, y components of the forces to obtain the resuitant force. 


F/ = F u + F u = — 30(—) - 20(sin20°) = -30.8404 

F y ' = F íy + F 2y = 30(|) - 20(cos20°) = -0.79385 

F RZ - F/ + F 3j = -30.8404 + 50 = 19.1596 

F„ y = F/ + F ly = -0.79385 + 0 = -0.79385 

F„ = /(19.1596)2 + (-0.79385)2 = 19.2 N Ans 


6 = tan_1( l^l^ ) = - 23726 ° = 231 ° ^ AnS 


2-43. Determine the magnitude and orientation 6 of F« 
so that the resultant force is directed along the positive 
y axis and has a magnitude of 1500 N. 


Sealar Nolation : Suming the foree 


components aigebraìcally, we have 


~+ -ZF z , 0 = 700sin 30° -Fgços 9 

fjcos 6 = 350 

+ î 7> ( = ZF y ; 1500 = 700cos 30° + /> sin 6 

FgSin 6 = 893.8 

Solving Eq.[l] and [2] yields 

e = 6S.6° /i=960N Ans 



^ = 700N 



15* 

m 

* 

=* 

i 

i 

i 


7Í 

1 

1 

—^ 

[2] 

Fo. L «NJ/ 


' fi*/5ocri 


24 
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2-42. Solve Prob. 2-22 by summing the rectangular or x, 
y components of the forces to obtain the resultant force. 


f; = F,. x + F 2 , = -30 - 20(sin20”) = -30.8404 

F' y = F, y + F 2s = 30 Q) - 20ícos20 n ) = -0.79385 

F k , = F; + F) x = -30.8404 + 50 = 19.1596 
Fg, = F' y + F, y = -0.79385 + 0 = -0.79385 
F k = V(19.I596) 2 + (-0.79385)- = 19.2 N Ans 


H = tan 


/-0.79385 \ 
V 19.1596 ) 


-2.3726'' 


2.37° 


Ans 


2-43. Determine the magnitude and orientation (9 of F fl 
so that the resultant force is directed along the positive v 
axis and has a magnitude of 1500 N. 


y 



Scalar Notation: Summing the foree eomponents algebraically, we 
have 

X F Ki = X F x ; 0 = 700 sin 30° — F 0 cos 0 

F b cos 0 = 350 (11 

+ t Fr. = S F y \ 1500 = 7(K)cos 30° + F B sin 0 

Fb sin 9 = 893.8 |2J 

Solving Eq. [ 1 ] and |2] yields 
0 = 68.6 f ’ F b = 960 N Ans 




2-44. Determine the magnitude and orientation, 
measured counterclockwise from the positive y axis, of 
the resultant force acting on the bracket, if F n = 600 N 
and 6 = 20". 



I F a = 700 N 


Scalar Notallaa : Suming thc foroe components «lgebraically. wc h»ve 

F, = 700sin 30*-600cos 20“ 

= -213.8 N = 213.8 N «- 

+ T F, t = ZF r ; F, = 700coj StT+éOOsin 20“ 

= 811.4 N T 

The magnitude of the resultam foroe F, is 

F * 3 = /213.82 + 811.42 = 839 N Ans 

Thc directional angle 9 measured countercloclcwise from posidve y axis is 
fí =» rsan' 1 ^213.8^ 


* = .»'£ = tan-'(ÎÍH). ,4.8“ 


?\--7con 

/i 

/ | 


í*é<5tJAi F tì | 
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2-46. Determine the magnitude of the resultant force 
and its direction, measured counterclockwise from the 
positive x axis. 



Rx f r* 150cos30° + 200sin45° = 11.518 N 

* y ^ Fy ’ Fr > ~ I50sin30° + 200cos45° = 216.421N 

Fr = »^ Tï ^*) T +l2Î6.421)î = 217 N Anc 


„ , ., 216.421 

“ — lân (-) — 07 no 

11.518 870 


2-47. Determine the x and y components of each force 
acting on the gusset plate of the bridge truss. Show that 
the resultant force is zero. 



/ f>3001b 


-200 lb Ans 


400(-) = 320 lb Ans 


-400(-) = -2401b Ans 


300(-) = 180 lb 


300(-) = 240 lb 


F, x = - 300 lb Ans 

F, y = 0 Ans 

Fr* = F u + F u + F u + F u 
F Rx = -200 + 320 + 180 - 300 = 0 

F H, = + F ìy + F ,y + F i, 

F„ y = 0 - 240 + 240 + 0 = 0 
Thus, Fg = 0 


*2-48. If 9 = 60° and F — 20 kN, determine the 
magnitude of the resultant force and its direction 
measured clockwise from the positive x axis. 



y 

50 kN 


V 


F 



40 kN 


- 4 1 

->Fr x = ZF X ; F gx — 50(-) + -=(40) - 20 cos60° = 58.28 kN 
5 


+ 3 1 

-Tl),, = LF y ; F Sy = 50( —) - -=(40) - 20 sin60“ = - 15.60 kN 

5 V 2 


F„ = / (58.28) 2 + (-15.60)» = 60.3 kN Ans 

,r 15.601 

6 = tan ----- = 15.0° Ans 

L58.28J 




28 
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2-51. Express each of the three forces acting on the 
coiumn in Cartesian vector form and compute the 
magnitude of the resultant force. 


Fj=275 Ib 


F l- 150l . b F,=75 ib 


F, = 150(j)i - 150(^)j 

F, = (90i - 120j} Ib 
F 2 = {-275j> lb 
Fj = -75 cos60°i -75 sin60°j 
Fj = {-37.5i - 65.0j> lb 
F„ =XF= {52.51 - 460j) lb 
F* = /(525)^T7^460)2 = 463 1 


♦2-52. The three concurrent forces acting on the screw 
eye produce a resultant force F« = 0. If F 2 = 3 and 
F, is to be 90° from F 2 as shown, determine the required 
magnitude of F, expressed in terms of F, and the 
angle 8. 



Cartesian Vtetar Notation: 

F, = FJ cos 60°i + /) sin 60°j 
= 0.50/) i +0.8660/) j 

2 2 
F 2 = -/)C0S 30°i --/) sin 3Q?j 

= 0.5774/) i-0.3333/) j 

Fj = -Fj sin Si - F, cos Oj 


Resultanl Force : 

F* =0 = F, +F 2 +F, 

0 = (0.50/) + 0.5774/J — /5 sin 0) i 

+ (0.8660/) -0.3333/) -/)cos S)j 

Equadng i and j components, we have 


0.50/) + 0.5774/| - /5 sin 6 = 0 
0.8660/) -0.3333/) -F.cos 9 = 0 


Solving Eq.fl] and [2] yields 


9 = 63.7° F, = 1.20/) 
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2-53. Determine the magnitude of force F so that the 
resultant F« of the three forces is as small as possible. 


What is the minimum magnitude of F A 


Scaiar Notation : Sumìng ihc force components algebraicaUy, we nave 


-1* F„. = ZF ,; F,' =5-Fsin30° 

= 5-0.50 F - 


+ ï F, r =ZF,: F, r = Fcos 30° - 4 
= 0.8660F- 4 T 


The magnitude of the resultant force F, is 


'>= 7 Ì ? T '? 


= 7(5-0.500 2 + (0.8660F-4) 2 


■■jFt-U.93F+4l 


( 1 ) 


F^ = F 2 - U.93F+41 
dF, 


2 F,- 


' dF 


■ =2F- 11.93 


[ F d 2ÏL + d lLjlL 

* dFt dF dF 


)■' 


( 2 ) 

(3) 


In order lo obtain the minimum resultant force ~ = 0. From Eq.[2] 


dF 


2F,lL = 2F- 11.93 = 0 


F= 5.964 kN = 5.96 kN 
Subsútuting F = 5.964 kN into Eq.[l], we have 


Ans 


F r = /5.964 2 - 11.93 (5.964) + 41 
= 2.330 kN = 2.33 kN 


Ans 


dF„ 


Subsutuúng F r = 2.330 kN with —f = 0 ìnto Eq.[3], we have 
dF 


J (2 . 330 )g + o] = 


<PF, 


df* 


L = 0.429 > 0 



Hence, F= 5.96 tN is indeed producing a minimum resultant force. 








2-54. Express each of the three forces acting on the 
bracket in Cartesian vector form with respect to the x and 
y axes. Deterraine the magnitude and direction 0 of Fj so 
that the resultant force is directed along the positive x' 
axis and has a magnitude of F R = 600 N. 


F, = {F| cos0i + F, sinflj} N Ans 

= (3501} N Ans 



F 3 = {-100j} N 


F 2 = 350N 


F, = 600 cos30°i + 600 sin30°j 
F, = {519.61 + 300j} N 


HquaUng the i and J components yields : 
519.6 = F, cos B + 350 


cosS = 169.6 


300 = íj sin 6 - 100 
F, sinO =400 

9 = “""[îS] = 67 0 ° 


2-55. The three concurrent forces acting on the post 
produce a resultant force Fg = 0. If F 2 = |F lt and F t is 
to be 90° from F 2 as shown, determine the required 
magnitude F 3 expressed in terms of F 2 and the angle 0. 



ZF»,- = 0; 


/? cos(0 - 90°) = F, 
F, sin(0 - 90°) = F, 


tan( Q - 90°) = 5 . = i 

Fi 2 

0 - 90° = 26.57° 


0 = 116.57° = 117° 


cos( 116.57° - 90°) 
F, = 1.12 F, 


31 
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*2-57. If F 2 = 150 lb and 0 = 55°, determine the 
magnitude and orientation, measured clockwise from the 
positive jc axis, of the resuitant force of the three forces 
acting on the bracket. 


Scalar Notation : Suming the force components algebraicaOy, we have 

-+ F, = ZF X ; F R ' = 80+52^ 150cos 80° 

= 126.05 lb-+ 

+1 F, t = ZF y ; F, y = 52^)- 150sin 80” 

=-99.72 lb = 99.72 lb i 

The magnioide of the resultant force F, is 

F, = 'J F ». +F í, ~ /126.052 + 99.72 J = 161 lb Ans 

Thc directional aynglc 6 measurcd clockwisc frora posidve x axis is 

e = un^ = un-'(^) = 38.3” An. 


y 



2-58. Determine the magnitude of force F so that the 
resultant force of the three forces is as smali as possibie. 
What is the magnitude of the resultant force? 


-* Fi, ■ ZF, ; ■ I - F coa 45* - 14coa30* 

■ - 4.1244- F cos 45* 

♦ tF», = Z.F,, F,, = - F sm 45” +14 sin 30” 

■ 7 - F sin 45° 

F, , = (-4.1244-Foo«4J•) J +(7-Flin45•) , (i) 

2flt ^- = 2(-4.1244 - F co, 45* ) (-ooa 45*)+2(7 - F sm 4J*)(-am 45*) = 0 

F = 2.03 kN Aaa 
PromBtj. ( 1 ); F, »7.87kN Aaa 
Aiao, from tfae figure requsre 
(#»).• »0 = IF,-; F+ 14iin 15* - 8 ooa 45» ■ 0 
F • 2.03 kN Am 

(5), »£F, -; F, = 14 cos 15” - 8 sin 45* 

F, »7.í7kN Am 




fJlatl 






2-59. Determine the magnitude and coordinate direction 
angles of Fi = |60i - 50j + 40k) N and F 2 = |-40i - 
85j + 30k) N. Sketch each force on an x, y, z reference. 


F, . 60i -ÎOJ + 40k 

61 = V(60F + (-50)» + (404 - «7.750 - 87.7 N Ana 

“• = '“"(«ÏTSôJ " 46 90 A “ 

* * C0 *"(i^ô) * 123 ° ' A “ 

n “ “•"(ïtSô) “ 62 9 “ A “ 

r, = —40i -85 J + 30k 

^ = V(-40>* + (-85) 1 + (30)» = 98.615 » 98.6 N Aa 

01 " “‘"(iïSs) " 114 ° 

h = “"(sras) ■ 150 “ A “ 



'í—ì 

\.98.615y 


7Z3* Aai 


force’of m ble a ‘ the ' nd of ,he crane boom exerts a 

Cartesln vector 00 b °° m “ Sh ° Wn ' ExpfeSS F as a 


Cart'tíam V.vor Noíation : With a . 30« md 0 .70“ ihe ihini 
coorduiate direcoon angle rcanbe dciermmed using Eq. 2 - 10. 


cos 2 a+oos 2 /J+cos 2 y * 1 
cos 2 30° + cos 2 70» +cos 2 r » 1 
cos y * ±0.3647 

68.61° or 111.39° 


By inspection, y = 111.39° since the foree F is directed 


in negative octanL 


F«250{cos30°i + cos70°j+cos 111.39°) | 
= {217i + 85.5J-91.2k) Ib 



6 = 250 lb 



2-61. Determine the magnitude and coordinate 
direction angles of the force F acting on the stake. 


-F =40, F = 50 N 


F = 40 cos70°i + 40 sin70°j + -(50)k 


F = {13.71 +37.6J + 30.0k } N Ans 

F = /(13.68)2 + (37.59)2 + (30) 2 = 50 N 


13.68 

a = cos (-) = 74. l c 

50 


o -ì 37.59 
P = cos (-^~) = 41.3° 


30 

Y = cos (—) = 53.1° 
50 




Cartesian Vector Noíaíion: 

F, =7 5 j-_j + Z k | lb = {-72.0j + 2i.0k} lb 

F 2 = 55{cos 30»cos 60°i + cos 30“sin 60°j-sin 30°k) lb 
= {23.82i+41.25j-27.5k} ib 

Resultant Force: 

F* = F, + F 2 

= {23.821 + (-72.0 + 41.25)j + (21.0-27.5)k} lb 
= {23.82i-30.75j-6.50k} lb 

The nugnitude of the resultant force is 

“t/Ô 82 2 + (-30.75) 2 + (-6.50) 2 
= 39.43 lb = 39.4 Ib AnJ 

Thc coordmaie direction angles are 


anglesare 



_ 23.82 

39.43 

0=52.8° 

Ans 

_ -30.75 
39.43 

/î= 141° 

Ans 

_ -6.50 
" 39.43 

7 = 99.5° 

Ans 



35 
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2-63. The stock S mounted on the lathe is subjected to 
a force of 60 N, which is caused by the die D. Determine 
the coordinate directìon angle /3 and express the force as 
a Cartesian vector. 



cos J 60” + cos" P + cos 2 30° -- 1 

P = 90° Ans 

F = - 60(cos60 o i + cos90°j + cos45°k) 
F = {-30i - 52.0k } N Ans 


* 2 - 64 . Determine the magnitude and coordinate f, = (80cos30“cos40»i 

direction angles of the resultant force and sketch this " 80cos30 ° s ' n40O J - 80 sin 30 °k) 

vector on the coordinate system. f, = {53.11 _ 44 5j + 40k } ib 

= {-130k } lb 
F s = F, + F 2 

F, = 80 tb 

r* - -- — F * = { 531i - 44,5j -90.0k} lb 

Fr = + (-44.5)2 + (-90.0) 2 = 114 Ib Ans 



F 2 — 130 Ib 


ct = cos~'( 531 ) = «2 1 ° 
U3.6 ; 1 

a -1.-44.5 

P - COS (-) = 1130 

113.6 


.,,-90.0 

y = cos (-) = 142“ 

113.6 


2-65. Specify the coordinate direction angles of Fj and 
and express each force as a Cartesian vector. 

Fi - (80 cos30°cos40° i - 80cos30°sin40°j + 80sin30°fc) 




F, = {53.11 - 44.5j + 40k } lb 

Ans 



7 

.,53.1 

a , = cos ( —) = 48.4° 

Ans 


: 80 lb 


„ -1-44.5 

P 1 = cos (——) = 124° 

Ans 



y 

_, 40 

y\ = cos ‘(~) = 60° 

Ans 


\ 

f F 2 = 130 lb 

F 2 = {-130k} lb 

Ans 


X 


= cos ' ( Y55> = 900 

Ans 




P 2 = C0S " 1( Y55) = 90° 

Ans 




-Ì30 

72 = cos ( ’m' ) =180 ° 

Ans 


36 
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r^rdSdtS,®' ,hr ? '”“ s s1 ”"' 

I » .h.t .h, rtc, ™ a ” 8l ' ! 0" r. 0 f 

s = {3501} N. ct,n 8 on ‘he mast is 


^3 = 300N 



F, = 500 cosa, 1 + 500cos/3, j + 500cosr,k 
F„ = F, + (—300J) + (-200k) 

350i = 500 cosa, i + (500 cos/3, - 300)j + (500 cosy, - 200)k 


"^2=200N 


350 = 500 cosa,; 

0 = 500cos/î, - 300; 
0 = 500cosy, - 200; 


a i - 45.6° Ans 


Pi — 53.1° Ans 


7i — 66.4° Ans 


2-<S7. The mast is subjected to the three forces shown. 
Determine the coordinate direction angies a h p h 7l of 
Fj so that the resultant force acting on the mast is zero. 


F, = { 500 cosa, I + 500cos/3,j + 500 cosy, k} N 
= {-200k} N 


F, = 500 N 


F, = {-300J} N 

F J? = F l + ^2 + F 3 = 0 

500cosa, = 0; 


= 300 N 


f F 2 = 200 N 


500cos^j =300; 
500cosy i = 200; 


Pi = 53.1° Ans 


"Y i - 66.4° Ans 





*2-68. The cables attached to the screvv eye are 
subjected to the three forces shown. Express each force 
in Cartesian vector form and determine the magnitude 
and coordinate direction angles of the resultant force. 


Cartttian Vector Notation : 

F, = 350{sin 40°j + cos 40°k} N 
= {224.98j + 268.12k} N 

= {225j + 268k} N Aiu 

Fj = 100{cos 45°i + cos 60°j+cos 120°k} N 
= {70.71i + 50.0j-50.0k} N 

= {70.7i + 50.0j-50.0k} N An* 

F, = 250{cos 60°i+cos 135°j + cos 60°k} N 
= {125.0* - 176.78J + 125.0k} N 
= {125i - 177j + 125k} N An* 

Resultant Force : 

F, = Fi + Fj + Fj 

= {(70.71+ 125.0)i+ (224.98 + 50.0-176.78)j+(268.12 - 50.0+125.0)k} N 
= {195.71 i + 98.20j + 343.12k} N 


E,= 250N 6Q C 



F, = 350 N 


F,= 100 N 


The magnitude of Ihe resultant force is 


F r = \l F e. +F í 7 +F R, 


= ^195.712+98.202 + 343.122 
= 407.03 N = 407 N 


The cooidinate dircction angles are 


F „. 195.71 

cos a = — =- 

F s 407.03 

„ F , 98.20 

cos B = -2- =- 

F, 407.03 

F, 343.12 

cos v = — =- 

. . J, 4 07.0? 


P = 76.0° 


y = 32.5° 
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^ 69 ’ ^ beam is subjected to the two forces shown. 
Express each force in Cartesian vector form and 
determine the magnitude and coordinate direction aneles 
of the resultant force. 



2 - 70 . Determine the magnitude and coordinate 
direction angles of the resultant force and sketch this 
vector on the coordinate system. 


*» = F, + F 2 


F, = 630(1) J - 630(|)k 

Fj = (176.4 j - 604.8k) 

F, = {176j - 605k } lb Ans 

Fj = 250 cos60°i + 250 cos 135°j + 250 cos60°k 
F 2 = (1251 - 176.777j +125k) 

F 2 = {1251 - 177j + 125k } lb Ans 

F, = F, + F 2 

F„ = 1251 - 0.3767J - 479.8k 

F, = {1251 - 0.377J -480k} lb Ans 

F* = v'(125) 2 + (-0.3767)2 + (_ 4 7 9 . 8 )2 = 495 82 



= 496 Ib 


Ans 



,, 125 , 



a 

= cos~ 

V 495.82 7 

75.4° 

Ans 

P 


! -0.3767 



= cos~ 

495.82 ’ 

= 90.0° 

Ans 



,,-479.8 



y 

= cos - 

(-) = 

495.82 7 

165° 

Ans 



F, - 350cos60°i + 350cos60°j - 350cos45°k + 250(í)cos30°i -250(1 s ,n30°j + 250(- 3 )k 

* 5 

F, = {348.2li + 75.0j - 97.487k} N 


- v'(348.21) 2 + (75.0) 2 - (97.487), 
= 369.29 = 369 N 




,348.21 


a = 

cos - 

( 369.29 ^ 

= 19.5° 

/* = 

-1 

75.0 


cos 

369.29^ 

= 78.3° 


-1 

-97.487 


r = 

cos 

369.29 J 

= 105° 


Ans 

Ans 

Ans 

Ans 
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2-71. The two forces F, and F 2 acting at A have a 
resultant force of F„ = {-100k} Ib. Determine the 
magnitude and coordinate direction angles of F 2 . 



Cartttian Vtetor Notation: 

F„ = {-100k} lb 

F, = 60{-cos 50°cos 30°ì + cos 50°sin 30°j-sin ÎO°k} II 
= {—33.40« + 19.28j-45.96k} lb 

f 2 = {/ 5 . 1 + / 5 ^+ 15 ^} Ib 

Rtsultant Foret: 

F„ = F, +Fj 

- 100 k = { ( / 5 . - 33.40) i + ( /j. +19.28) j + ( / 5 . - 45.96) k } 
Eqtutíng i, j and k components, we have 

/5,-33.40 = 0 / 5 , =33.40 Ib 

/5,+ 19.28 = 0 / 5 , =-19.28 Ib 

/ 5 , -45.96 = -100 /5 = -54.04 Ib 

The magnitude of force F 2 is 

15 = ý + *i, + /?, 

= V33.40 2 + (-19.28) 2 + (-54.04) 2 
= 66.39 Ib = 66.4 Ib Ans 

Thc coordinate direction anglcs for F 2 arc 


*2-72. Determine the coordinate direction angles of the 
force F, and indicate them on the figure. 


/ 5 , 

33.40 



cos a= — 

.. 

0 = 59.8° 

Ans 


66.39 




_ -19.28 



cos p — —+ 
h 

" 66.39 

P= 107° 

Ans 

/5, 

_ -54.04 



cosy = ^ 

' 66.39 

y= 144° 

Ans 


Vnit Vtetor For Foct F, .• 

“s; =-cos 50°cos 30°i+cos 50°sin 30°j—sin 50°k 
= -0.5567Ì+0.3214j - 0.7660k 

Coordinate Dirtetion Angles : From the unit vector obtained 
above, wehave 

cos a = -0.5567 a= 124° Anj 

cos fi = 0.3214 /} = 71.3” AnJ 

cos y = -0.7660 y= 140* AnJ 



^50°^ 


N 


y 
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2-73. The bracket is subjected to the two forces shown. 
Express each force in Cartesian vector form and then 
determine the resultant force F ;( . Find the magnitude and 
coordinate direction angles of the resultant force. 


Carítsiam Vtctor Notaíioa: 

F, = 250 (cos 35'sin 25"l + oos 35”cos 25°j-sin 35°k} N 
= {86.5SÌ+ 185.60J- 143.39k) N 
- {86.51 + 186j- 143k> N Ans 

F, =400{cos I20“i + cos 45”j+cos 60°k} N 
= {-200.01 + 282.84j + 200.0k} N 
= {-200i + 283j + 200k} N Ans 

RttuUamt Forct: 

F* = F| + Fi 

= {(86.55 - 200.0) i + (185.60+ 282.84) j + (-143.39+ 200.0)k} 
= {-l!3.45i+468.44J + 56.61k} N 
= {-113i + 468j + 56.6k} N Ans 

The msgnìtude of the resultant force is 

F. = JF3 +F2 +F2 


F t='J F 2. +f ï, +F Z 

= V(-113.45) j +468.442 + 56.612 
= 485.30 N= 485 N 

The coordinate direction angles are 


F 2 = 400 N 



-113.45 

485.30 

a= 104° 

Ans 

468.44 

485.30 

0 = 15.1° 

Ans 

56.61 

485.30 

/=83.3° 

Ans 


2-74. The pole is subjected to the force F, which has 
components actìng along the x, y, z axes as shown. If the 
magmtude of F is 3 kN, and /3 = 30° and y = 75", 
determine the magnitudes of its three components. 
z 



cos a + cos 2 p + cos 2 y = 1 


cos 2 a+ cos 2 30" + co8 2 75° = 1 


a = 64.67° 

F x = 3 cos64.67" = 1.28 ltN Ans 

F , = 3 cos30° = 2.60 kN Ans 

F t = 3 COS 75 " = 0.776 kN Ans 
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2-77. Three forces act on the hook. If the resultant force 
F« has a magnitude and direction as shown, determine 
the magnitude and the coordinate direction angles of 
force F ? . 



CariiíÌMM Vtctor Notation: 

F„ * 120{cos 45°sin 30°i + cos 45°cos 30°J+sin 45°k} N 
= {42.43Ì + 73.48j + 84.85k} N 

F, =8o|^i + ^k|N = {64.0i + 48.0k} N 

F 2 = {-110k} N 
Fj-{f5,‘ + '5,j+íì 1 '‘} N 

Resullant Forct: 

F * = F 1 +F 2 + F J 

{42.43Ì + 73.48J + 84.85k} 

= {(64.0+ F 2- ) i + J5 7 J+ (48.0- 110 +^ ) k} 

Equaóng i, j and k components, we have 

64.0+ F,_ = 42.43 F s = -21.57 N 

F, = 73.48 N 

48.0- llO+i^ = 84.85 F, x = 146.85 N 
The magnitude of force F, is 


= V'(-21.57) 2 + 73.48 2 +146.852 


= 165.62 N = 166 N 


Ans 

The coordinate direcdon angles for F, are 



F i -21.57 

cos a = — = 

/5 165.62 

0 = 97.5° 

Ans 

fl 7348 

^ F, 165.62 

/3=63.7° 

Ans 

F, 146.85 

7 F, 165.62 

r = 27J° 

Ans 


2-78. Determine the coordinate direction angles of F> 
and F fí . 

llnit Vector of F, and F, ; 

4 3 

“r, =-i + -k = 0.8i + 0.6k 

“* = cos 45°sin 30°i + cos 45°cos 30°j+sin 45°k 
= 0.3536Ì + 0.6124j + 0.707 lk 

Thus, Ihe coordinate direcàon angles F, and F, *re 


cos a F = 0.8 

a Fi = 36.9° 

Ans 

cos P Fi =0 

P Fl =90.0° 

Ans 

cos r„ = 0.6 

y F| = 53 . 1 ° 

Ans 

cos a, = 0.3536 

a, = 69.3° 

Ans 

cos p, = 0.6124 

P, * 52.2° 

Ans 

cos r* =0.7071 

r, =45.0° 

Ans 
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2-79. The bolt is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 80 N, and a = 60° and y = 45°, 
determine the magnitudes of its components. 



cos f) = / 1 - cos 2 o - co» 2 y 


/\ — cíxì 2 60 “ -cos 2 45° 


F, = | 80 cos60° | = 40 N 


F y = | 80 cosî20°( = 40 N 
F, = I 80 cos45° | = 56.6 N 


*2-80. Two forces Fj and F 2 act on the bolt. If the 
resultant force F„ has a magnitude of 50 lb and coordinate 
directmn angles a = 110“ and /3 = 80°, as shown 
determine the magmtude of F 2 and its coordinate 
direction angles. 



F r = 50 Ib 


2-81. If r, = |3i - 4j + 3k) m, r 2 = |4i - 5k| m, r, = 
(3i - 2j + 5k) m, determine the magnitude and direction 

of r = 2r, - 'r 2 + 3rî. 


(1) ! = cos 2 110“ + cos 2 80° + cos 2 y 


F, = F, + F, 


50 cosllO 0 = (/?), 


50 cos80° = (F 2 ), 

50 cos 157.44° = (F 2 ), - 20 
(F 2 )„ = -17.10 
(F 2 ), = 8.68 

(F 2 ), = -26.17 


F 2 = /(-17.10)1 + (8.68) 2 + (-26.17)2 = 32.4 Ib 


«2 = cos ‘ 1 (^r ) = 122 ° 


Pi - cos' 1 ^) = 74.5° 


-26.17 

Ï 2 = cos (——) =144° 
32.4 


r • 2 r, - r 2 + 3 r, 

- 6i - 8J + 6k- 41 + 5k +9i - 6J + 15 k 


= lti - 14j + 26k 


r M /(U)î + (-14p + (26)1 , 31.51 m ,31.Jrn Au 


_ 11 , 14 , 26 

Q, s -f-I + b 

31.51 31.51 J 31.51 


a " “""'(sot) “ 6960 A 

P = ““''(jTJï) “ 1160 A “» 

r ' co, ' , (3ni)“ 34 - 4 “ A “ 
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2-82. Represent the position vector r acting from point 
/t(3 m,5 m,6 m) to point B (5 m, -2 m, 1 m) in Cartesian 
vector form. Determine its coordinate direction angles 
and find the distance between points A and B. 


Fotitiam Vtcior: Ttus can be established from the coordinales of two 
points. 

•ss *{(5-3)i + (-2-5)j + (l-6)k) ft 

= (2i-7j-5k) ft Ans 

The distance between point A and B is 

r A> =v'2> + (-7) j + (-5) 2 = /78 ft= 8.83 ft Ans 
The coordúuue direcnon angks art 
2 


cos a * —— 
y78 

a = 76.9° 

Ans 

. -7 

co$p= — 
y78 

P = 142° 

Ans 

-5 

cos y = 

y 78 

y= 124° 

Ans 


2-83. A position vector extends from the origin to 
point A (2 m, 3 m, 6 m). Determine the angles a, fj, y 
which the tail of the vector makes with the x, y, z axes, 
respectively. 


Position Vector : This can be established from the coordinates of two 
points. 


r={2i + 3j + 6k} ft 
The distance between point A and B is 

r AB = /2 2 + (3) 2 + (6) 2 = 7ft Ans 
The coordinate direction angles are 


2 

cos oc= - 

a = 73.4° 

Ans 

7 

_ 3 

cos p = - 
7 

/3=64.6° 

Ans 

6 

cos y = - 

7 = 31.0° 

Ans 
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2-82. Represent the position veetor r acting from point 
A{' ìm, 5 m, 6 m) to point B(5m, -2 m. 1 m) m 
Cartesian vector form. Determine its coordinate direction 
angles and find the distance betvveen points A and B. 


Position Vector: This can be established from the coordinates of 
t\vo points. 

r AB = |(5 - 3)i + 1-2-- 5)j + (1 - 6>k)ft 

Ans 
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2-86. Express force F as a Cartesian veetor- then 
determine its coordinate direction angles. 


Unit Vector: 


' A ' = . { l 4 '° )Ì + íl - ( - 2 sin « 0 °)Jj+( 0 - 2 co, 60 «)k} ft 
- { 4 .OO 1 +2.732j- l.QOk } ft 

= fiw + 2-mi + (-l.00ŷ ft 

u. . = lil _ 4.00i + 2.73 2j-1 ,OQk 
4.946 ~ 

= 0.80871+0.5524J - 0.2022k 

Force Vector : 

F = Fu *a = 500{0.8087i+0.5524j - 0.2022k} lb 

= {4041 + 276j-101k}lb Am 

C ZT ,•• p "" *• -—.„ 



-1 


cosa = 0.8087 
cos^ = 0.5524 

cosr =- 0.2022 


“ = 36.0° Anj 

P = Aiu 

y = 102° Anj 


2-87. Determine the length of member AB of the truss 

toi aldth a ,"® aCartesian P° sition vector from >1 
to B and then deterrmnmg its magnitude. 



Tab " O I+ 5SÎ? -°' 8)1 + Ci.5- 12 )j 
r KB = {2.091 + 0.3J } m 


r AB = v (2.09) 2 + (0.3) 2 =2.11 1 
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*2-88. At a given instant, the position of a plane at A 
and a train at B are measured relative to a radar antenna 
at O. Determine the distance d between A and B at this 
instant.To solve the problem, formulate a position vector, 
directed from A to B, and then determine its magnitude. 


À 



PmiUiom Vtctor: The coordinues of points A and B are 

A(-5cos 60°cos 35«, -5cos 60“sin 35«. 5sin 60«) kra 
= A(-2.04«, - 1.434, 4.330) Itm 

a(2cos 25°sin 40°, 2cos 25°cos 40«, -2sin 25°) km 
-B( 1.165, 1.389, -0.845) km 

The positson vector r A , can be established from the cootdinales of points A and B. 

r A , = {[ 1.165 — (—2.048)1 i -i- [ 1.389 — (—1.434))j-t- (—0.845 — 4.330) k} ksn 
= {3.213Ì + 2.822J-5.175k) km 

The distance between points A and B is 

d = r A , = V3.213 J + 2.822 1 + (-5.175) 2 = 6.71 km Ans 


2-89. The hinged plate is supported by the cord AB If 
the force in the cord is F = 340 Ib, express this force, 
dtrected from A toward B, as a Cartesian vector. What is 
the length of the cord? 


Vnit Vtctor: 


r x» ={(0-8)i + (0-9)j+(12-0)k) ft 
m {-8i-9j+ 12k} ft 

r *m * = i7.o ft 

■■ . - T *> _ — 8 i — 9j + 12k 8 9 i 2 

r *> 1? ~ 17 l- 17^ + 17 k 


Forct Vtctor: 


= 340 {-ïï í -ïï J+ T? k } lb 

= {-160i-180j + 240k) lb 



Ant 
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2-90. Determine the length of the crankshaft AB by first 
formulating a Cartesian position vector from Ato B and 
then determining its magnitude. 



' A ‘ ((m + 12 5sta25°)| - 125 COS2JOJ } 

■U» = {452.S3Ì -H3.3j} mm 

Ta ‘ = / ^3H77rn33)5- = 467mm 


2-9L Determine the iengths of wires AD, BD, and CD 
The rmg at D is midway between A and B. 




„{2 + 0 0 + 2 1.5 + 0.5) 

—2-J m " D(1 ’ *- 11 ra 

t ad = (1 —2)l + (l-0)j + (l- 1.5)k 
= -lì + lj-0.5k 

t bd = (1 - 0)i + (l - 2)j + (l -0.5)k 
= 11 - lj + 0.5k 

t cd = (1—0)i + (l — 0)j + (1 — 2)k 


= li + lj-lk 


t ad = V (-l) 2 +1 2 + (-0.5) 2 = 1.50 r 

r, D = Vl 2 4(-l) 2 + 0.5 2 = 1.50 m 


r co = i/l 2 + l 2 + (-l) 2 = 1.73 i 
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*2-92. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 


Unit Vtetor: The coordinaies of pointA are 


A(-10cos 70°sin 30”, lOcos 70°cos 30*. 10sin70°) ft 
= A(-1.710,2.962,9.397)0 


r ss ={[5-(-1.710)]i + (-7 - 2.962)j+(0- 9.397)k) ft 
= ( 6.7101-9.962j -9.397k) ft 

= V 6.710 2 + (-9.962) 2 + (-9.397) 2 = 15.250 ft 

_r A , 6.710» — 9.962j - 9.397k 

“'»»- „„ - 

r A, 15.250 

= 0.4400Í -0.6532j - 0.6162k 

Force Vector: 

F = Fu Ai = 135(0.44001-0.6532j-0.6162k) lb 

= {59.4i-88.y-83.2k} lb Ans 

Coordinatc Direction Angles : Frora thc unit vcctor u AA obtained 
above, wehave 


cos a = 0.4400 

0 = 63.9° 

Ans 

COS0 = -0.6532 

0= 131 ° 

Ana 

cos r =-0.6162 

7=128° 

Ans 


2-93. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 


[ F= 1351b^r 


B A—i ft - 


A 

F = 600 lb 



r = (51 + (1.5 + 3 sin60°)j +(0-3 cos60°)k) 
r = (51 + 4.098J - 1.5k) ft 

u = í = (0.75341 + 0.6175J - 0.226k) 

F = 600u = (452.04Ì + 370.49j -135.61k) 

F = (4521 + 370j - 136k) lb 
452.04 

° = 005 ( ^ÔT ) = 411 ° 
p = cos "' (2 ^- 9) - 51 ' 9 ° 


-135.61 

cos ( -isr ) = 103 ° 
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2-94. Determine the magnitude and coordinate 
direction angles of the resultant force acting at point A. 


1.5 m 

V, = 150 N 


F 2 = 200 N ) 


cZ 

/£~ 2 m~ 


«Uc = {3i - 0.5j - 4k} m 

I r xc I = V3 2 + (~0-5) 2 + (~4) 2 = /25.25 = 5.02494 
3ì — o 5j _ 4k 

F 2 = 200( JÔ2494- J = (119 4044i - 19 * 9 007j - 159.2059k) 

r ÁB = (3cos60°i + (1.5 + 3sin60 o )j - 4k) 
t ab = (l-5i + 4.098 lj - 4k) 

I t ab I = /(1.5)2 + (4.0981)2 + (-4)2 = 5.9198 
«. _ ,,„,l-5i + 4 -09Slj - 4k 

F ' " 150( - gg - -) = (38.0080Ì + 103.8405j - 101.3548k) 

F« = F, + F 2 = (157.4124Í + 83.9398j - 260.5607k) 

F * = /0 57.4124)2 + (83.9398)2+ (-260.5607)2 = 315.7791 = 316 N 




,,157.4124 



a = 

cos~ 

(-) = 

315.7791 

= 60.099° 

= 60.1° 


-1 

83.9398 



cos 

( 315.7791 J “ 

= 74.584° 

= 74.6° 


-1 

-260.5607 



r = 

cos 

315.7791 1 

= 145.60° 

= 146° 
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2-95. The door is held opened by means of two chains. 
If the tension in AB and CD is F A = 300 N and F c = 250 
N, respectively, express each of these forces in Cartesian 
vector form. 



Vmil Vtclor: First detcrminc the posióon vector r At and r CD . The coordinaies of 
poìnts A snd C are 

AfO, -(1 + l.5cos 30°), I.Ssin 30* ] m = A(0, -2.299,0.750) m 
Cl-2.50, -(1 + 1.5cos30”),1.550130*’ ] m = C(-2.50, -2.299,0.750) m 


r„, *{(0-0)i + (0-(-2.299)]j + (0- 0.750)k} m 
= {2.299j-0.750k) m 
r t , = V2.299î + (-0.750) j = 2.418 m 

™=0.9507j-0,10,k 


r co = {{-0.5 - (-2.5)] i + [0- (-2.299)] j+(0-0.750) k) m 
= {2.00i + 2.299j-0.750k) m 
r CD = t/2.00» + 2.299» + (-0.750)* = 3.138 m 


r CD 2.001 + 2.299J-0.750k 


0.6373Ì+0.7326J - 0.2390k 


Forct Vtclor: 


f, =F, U „ “ 300{0.9507j-0.3101k) N 
= {285.21j-93.04k} N 
= {285j-93.0k} N 

F c = F c u CD = 250{0.6373Ì+0.7326j - 0.2390k} N 
= {159.33Ì +183.5j - 59.75k} N 
= {159i+183j-59.7k) N 


Ans 






*2-96. The two mooring cables exert forces on the stern 
of a ship as shown. Represent each force as as Cartesian 
vector and determine the magnitude and direction of the 
resultant. 


, = 200lb WÌ\f.= 150lb 


U0ftj^»0ft 


l/mit Vtctor: 


r c* ° { (î0-0)l + (10-0) J-t-(-30-0)k} ft={50i + 10j-30k} ft 

r C A = VîO^ + lOî + t-SO) 2 = 59.16 ft 
r ca 50i + 10} - 30k 

"ca “ — »--= 0.8452Ì+0.1690} - 0.5071k 


ThenujnitudeofF, is 


F„ = V266.67 2 + 131.45 J + (-160.00) : 
= 337.63 lb = 338 Ib 


T ci ={ (50-0)i + (SQ-0) j+(-30-0)k} ft= {50i + 50j-30k} ft 

r ca = /sO l + S(P*(,-30) 1 *16.gl ft 
r ca 50i + 50j - 30k 

u c« = — =-—-= 0.6509Ì+0.6509j - 0.3906k 


The coordiruue diroction angles of F, are 


Force Veclor: 


f a =^ u ca = 200{0.8452i + 0.1690j-0.5071k} lb 
= {169.03Ì + 33.81J— 101.42k} Ib 
= {169i + 33.8j-101k} lb 

F « = f b u c» = 150 {0.6509Ì +0.6509j - 0.3906k } Ib 
= {97.64i + 97.64j - 58.59k} lb 
= {97.6i + 97.6j - 58.6k} lb 


266.67 

cos a =- 

337.63 

a = 37.8° 

Ans 

« 13145 
cos B— - 

337.63 

0=67.1° 

Ans 

160.00 

cos r -- 

337.63 

7 = 118° 

Ans 


Reiultant Force : 


F «= F «+F» 

= {(169 03 + 97.64) i +(33.81 +97.64)j+(-101.42-58.59) k} Ib 
= {266.67Ì + 131.45j— 160.00k} Ib 
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2-97. Two tractors pull on the tree with the forces 
shown. Represent each force as a Cartesian vector and 
then determine the magnitude and coordinate direction 
angles of the resultant force. 


r IA -{(20cos30*-0)l + (-20sin30»-0)j + (2-30)k) ft 
» {17.321- 10.OJ-2S.Ok) ft 
r BA = V 17.32» + (-10.0) 2 + (-28.0) J = 34.41 ft 

=^= 17 ^.: 100J - 2g0t =0.i0341-0.2906j- 0 .gl37k 
r aA 34.41 


r ac = {(8-0)i + (10-0)j + (3-30)k} ft= {8i + 10j-27k} ft 

r sc = JP+lV+i-V) 2 = 29.88 ft 

Ujc ■ I*£ = 8l+1 ° J ~ 27k = 0.26771 + 0.3346J - 0.9035k 
1‘mr' 29.88 


r BC 

ForCÊ Vector: 


F Á , =r A ,u, A = 150{0.5034Ì-0.2906J-0.8137k } Ib 
= {75.511-43.59j- 122.06k) lb 
= {75.51-43.6j-122k) lb 

F, c = F bc u bc = 100{0.26771 + 0.3346j -0.9035k) tb 
= {26.77Ì + 33.46j—90J5k } tb 
= {26.8i + 33.5j-90.4k) lb 


Rtsultant Force: 


F« “ + F.c 

= {(75.51 + 26.77) i + (-43.59 + 33.46)j + (—122.06 - 90.35) k) lb 
= {102.28Ì- 10.13j — 212.41 k} Ib 


The magnitude of F, is 


F, = V 102.281 + (-10.13) 2 + (-212.41) 2 
= 235.97 lb = 236 Ib 


The cootdinate direcóon angles of F, are 


10 ft- ^-3ft 


102.28 

cos a=- 

235.97 

0 = 64.3° 

Ans 

„ 10.13 

cos p =- 

* 235.97 

0 = 92.5° 

Ans 

212.41 

cos y -- 

7 235.97 

O 

II 

Ans 
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2-101. The load at A creates a force of 60 Ib in wire AB. 
Express this force as a Cartesian vector acting on A and 
directed toward B as shown. 


Vmt Vector: First determine the posidon vector r A , .The cooidinales of point 8 
are 

8(5sin 30°. 5cos 30°. 0) ft = 8(2.50, 4.330, 0) ft 

Then 

t áb - {(2.50-0)i + (4.330 - 0)j + [0-(-10)Jk} ft 
= {2.50i + 4.330j+10.0k} ft 
r A , = y'2.50 1 + 4.330» + 10.0 2 = 11.180 ft 

r A , 2.50i + 4.330j + 10.0k 

“** = t^7 = 11.180 

= 0.2236Î+0.3873j+0.8944k 

Forct Vector: 

r^Fu Á , = 60(0.22361 + 0.3873j+0.8944k} lb 

= {13.41 + 23.2J+53.7k} Ib An» 
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2-106. The tower is held in place by three cables. If the 
force of each cable acting on the tower is shown, determine 
the magnitude and coordinate direction angles o, /3, y of 
the resultant force. Take x = 20 m, y = 15 m. 



<6m 


F “ =4 °° ( W + ^-5Sí k > N 

F» s = 8(X)( i + ——j- 

25.06 25.06 J 25.06 > 

«r _ Ì8. 24 

V - «*>(-, - -j - -k )N 

F * = F/m + F ds + F í)c 


= {321.66Í - 16.82j - 1466.71k} N 

F * = »>(321.66)2 + (-16.82)2 + (-1466.71) 

= 1501.66 N = 1.50 kN Ans 

„ .1,321.66 

a - cos (-) = 77 6° 

1501.66 ; 


„ -,-16.82 

P = c “ ( Is5TS ) = 906 ° 
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2-107. The cable, attached to the shear-leg derrick, 
exerts a force on the derrick of F = 350 Ib. Express this 
torce as a Cartesian vector. 

Vnit Vector: The cooidiiuues of point B ire 

fl(50sin 30°, 50cos 30°, 0) ft = fi(25.0. 43.301, 0) ft 

Then 

*Us = í(25.0-0)i + (43.301-0)j+(0-35)k} ft 
= ( 25.0Ì +43.30lj-35.0k} ft 

r x» = V25.0 2 + 43.301 2 + (-35.0) 2 > 61.033 ft 

= Ií£ = 2301 +■43.301J-35.0k 
** r At 61.033 

= 0.4096Î + 0.7094J - 0.5735k 

Force Vector: 

F = Fu ab = 350(0.40961+0.7094J - 0.5735k} lb 

= {143i+24gj-201k} Ib AnJ 



F = 350 Ib 


*2-108. The window is held open by chain AB. 
Determine the length of the chain, and express the 50-lb 
force acting at A along the chain as a Cartesian vector 
and determine its coordinate direction angles. 



Vnit Vector: The coordinues of poinl A are 

A(5cos 40°, 8. 5sin 40°) ft = 4(3.830, 8.00. 3.214) ft 

Then 

r^a ={(0 - 3.830)i + (5-8.00)j+(12-3.214)k} ft 
= {-3.830i-3.00j + 8.786k} ft 

r At = v'(-3.830) 2 + (-3.00) 2 + 8.786 2 = 10.043 ft = 10.0 ft Ana 

_ r„, _ —3.830Ì — 3.00j + 8.786k 
“ A * " r AB = 10.043 

= -0.38141 - 0.2987J+0.8748k 


Force Vector : 

F = Fu Á , = 50{-0.3814i -0.2987j + 0.8748k} lb 

= {-19.1i-14.9j + 43.7k} lb 4 

Coordinate Direction Angles : From the unit vector u <8 obtained 
above, wehave 


cos a =-0.3814 

ct= 112” 

Ans 

cos /3 = -0.2987 

/3= 107” 

Ans 

cos 7 = 0.8748 

7=29.0” 

Ans 
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2-109. Given the three vectors A, B, and D, show that 
A-(B + D) = (A-B) + (A-D). 


(A~f 6 


Since the component of (B + D) is equal to the sum of the components of B and D, then 


r- 




A(B + D) = AB + AD (QED) 


A ■ (B + D) = (Ai + A,J + Ak) ((«» + D «)i + (,B y +D,)i + (B z + D t )k] 
= A,(B, + D,) + \(B y +D y ) + \(B Z + D z ) 

= (\B, + AyB, + \B Z )+ (\D, + A,D, + \D Z ) 


= (AB) + (AD) (QED) 


2-110. Determine the angle 0 between 
two vectors. 


the tails of the 


Position Vectors : 


r , = {(3-0)i + (-4-0) j + (0-0)k> m 

= { 3i — 4j } m 

r 2 = í(2 — 0)i + (6—0)j + (—3 — 0) k> m 
= {2i + 6j — 3k) m 


The magnitude of posáon vectors are 


r, ~ V / 3 2 + (-4) 2 = 5.00m r 2 = + Ó 2 + (-3) 2 = 7.00 m 

Angle Betveen Two Vectors 8: 

r i r 2 = (3i — 4j) • (2i + 6j — 3k) 

= 3(2) + (—4) (6) + 0(—3) 

= -18.0m J 



r i) .,r -18.0 1 

“ - COS - = COS --- - 121° An« 

Ui'i J 1_ 5.00(7.00) J Ans 
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2-111. Determine the angle 6 between the tails of the 


two vectors. 



r 2 = 6m 


r, = 9(sin40°cos30°i -sin40‘’sin30 o j +cos40°k) 
r, = {5.010Î - 2.8925J + 6.894k> ra 


r 2 =6(cos60' , i + cos45°j + cos!20°k) 


r 2 = {3i + 4.2426j -3k> m 

r, r 2 = 5.010(3) + (-2.8925)(4.2426) + (6.894)(-3) = -17.93 


e = cos-'(^) 


*2-111 Determine the magnitude of the projected 
component of r 2 along r 2 , and the projection of r 2 along r 2 . 


- 1090 


r, = 9 m 



r, = 9 (sin40°cos30°i - sin40°sin30°j + cos40°k) 

r, = 5.010Í - 2.8925j + 6.894k 

r, r 2 = 5.010(3) + (-2.8925)(4.2426) + (6.894)(-3) = 


„ r, • r 2 -17.93 

Proj.r, =-- = —-— = | 2.99 mi Ans 

r 2 6 


„ . r, • r 2 -17.93 

Proj.r 2 = —1 —í = ——— = | 1.99 m| Ans 

r. 9 


2-113. Determine the angle 6 between the y axis of the 
pole and the wire AB. 


Position Vector: 


«•„«={-3j> ft 

r Á , = {(2-0)i+(2—3)j+(-2-0)k> ft 
= {2i-lj-2k} ft 

Thc magnitudes of the posdon vectors are 

rt«=3.00ft r 4i =V2« + (- l) 2 + (-2) J = 3.00ft 

Th* Angles Betw een Two Vectors 9: The dot product of tvvo vectors 
must be determined first 





r A&' r A , = (—3j) ■ (2i -1 j — 2k) 

= 0(2) + (-3) (-1) + 0(-2) 
= 3 


0 = coi'* í -î-°.' ì . cos' 1 f 1 - 70.5° Ans 

V r AO r A, J L 3.00(3.00) J 
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2-118. Determine the components of F that act aiong 
rod AC and perpendicular to it. Point B is located 3 m 
along the rod from end C. 


■ca = 3i - 4j + 4k 
r ci = 6.403124 



r = ---(r c .) = 1.40556* - 1.874085j + 1.8740851* 

c * 6.403124' “ 


r OB r OC 4 r CB 


= -3i + 4j + r c , 

= -1.594441 + 2.1259j + 1.8740851* 


r oc = r of + r, D 


r bd — r oo - r ob - (41 + 6j) r OB 
= 5.59441 + 3.8741j - 1.8740851* 
r tD = /(5.5944)2 + (3.8741)2 + (-1.874085)* = 7.0582 
F = 600(—) = 475.5681 + 329.326j - 159.3111* 

r BD 

r iC = (~3i + 4J - 4k), r iC = /4Ï 
Compooent of F along r A c is Fj, 

F r AC (475.568Ì + 329.326j - 159.311k) ■ (-31 + 4j - 4k) 


if, = 82.4351 =82.4 N Ans 

Component of F perpendìcular to r AC is F x 
FÍ +lf t = F 7 = 600 2 
Ff = 600 2 - 82.4351 2 
F l = 594 N Ans 


2-119. The clamp is used on a jig. If the vertical force 
acting on the bolt is F = (—500k) N, determine the 
magnitudes of the components Fj and F 2 which act along 
the OA axis and perpendicular to it. 


VhU Vtclor: The unit vector along OA axis is 

.. _ (0 - 20)1 + (0- 40)j +(0-40) k 1 . 2. 2. 

u AO 7-’" 1 ' ~ ~ r- = * --I - -j k 

j(0-20)*+ (0-40)*+ (0-40)* 3 3 3 

Projectci Compontnt of F Along OA Axii: 

Fi=Fu AO = (-500k).(-Ii-?j-?k) 

= 333.33 N = 333 N Aos 

Compontnt of F Perpendicular to OA Axis : Since the raagnitude of 
force F i s F= 300N so that 



F= (-500 k)N 






the poL. De ‘ ermine the P ro j ec tion of the force F along 


PT0 ’ F * f «- -OI + 4J + ,0k ) .g|*|j_^ k j 


ProjF- 0.667 kN A iu 


F- {2i + 4j + jok) i 






■'F=80N 


U. _ = — r 3 2 

r AB 7 7 j 7 1 

= {-0.857Ì - 0.429j + 0.286k) 

F = «ní— rgj-7I-lQk 1 

l/(fi) r +ì7)2 +(topJ 
= {—35.29« - 41.17j - 58.82k} N 
Proj. f = fcosfl = F u^ s 

= (-35.29)(-0.857) + (-41.17)(-0.425) + (-58.; 


82)(0.286) 
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2-122. Cable OA is used to support column OB. 
Determine the angle 6 it makes with beam OC. 



Unit Vtctor: 


Uoc = li 


(4-0)l + (8-0)J + (-8-0)k 
V(4-0) 2 + (8-0) J + (-8-0) 2 


The Anglts Bttvttn Two Victors 8: 




8 = cos' 1 (uqc ■ u 0< ) = cos’ 1 ^ = 70.5° Ans 


2-123. Cable OA is used to support column OB. 
Determine the angle 4> it makes with beam OD. 



Unit Vtctor: 

u 0D = -Jin 30*1 + cos 30°J = -0.5i + 0.8660J 
(4-0)» + (8-0)J + ( -8-0)k 

" 7Ï4T5j2 + (8-0) 2 +(-8-0) 2 

1 , 2, 2 t 

„. i + - j --k 

Tht Anglts Btlwttn Two Victors ŷ : 

u 0D • u 0 * = (-0.51 +0.8660J) [ý + 5 J - 5 ) 

= ( -0.5)[i]+ (0 .8660)g]+ 0 (-l) 


♦ = eo.-* (u<„ • «o,) - co.-* 0.4107 = 65.8“ 
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assembly. Determme themagLudVo? tíe ° f PÌp£ 

pér^icSartÏ ** a '°" 8 3XÌS 


VnU V,etor: ^ “nit vecior along AB axú ú 

u 4< = l 3 -0)i + (8-4)j-|.(0- 0)lt 3 4 

]/(3-0)* + (»-4)i + ( 0 _o )2 5* + 5 ^ 

Proj. c ,ed Componenl of F Along AB Axis : 

F ‘ =F u »'i =(20i + 10j-30k) ^i + íjj 

= (20) íl)+ ( 10) (|)+(-30) (0) 

= 20.0 N 

Ans 

Compontnt of F Perpendicular s» 

“ 37 . 4I? n ^"«of fomeF 


^ ^ = /ÎMn* - 20 F = 31.6 N 


Ana 


•t'™ g „^r„ b n h f"l fo ?“ ** ,be ** 0 »=*. 

.he ««oSÌr" ” F. »lo„g 


Force Veclor: 

Uf = cos 30 ° sin 30 °> + cos 30°cos 30°j - sin 30»lt 
— 0.4330Ì +0.75j —0.5k 

F, =/)u fj -30(0.4330i +0.75j-0.5k) lb 
= {I2.990Ì + 22.5j - 15.0k} lb 

Vnu Vector: Ooe can obcain the angle o = 135» for F 2 using Eq.2 -1° 

“'i =C ° S i35 °i + cos 60»j+cos 60»k = -0.7071i + 0.5j + 0.5k 
Frojected Componen, of F, Along ,He Une of Acion ofF, : 

=F ' ~ (Ì2.990Í + 22.5J — 15.0k) ■ (-0.7071i + 0.5j + 0 .5k) 

- ( 12.990H-0.7071) + (22.5)(0.5) +(-15.0)(0.5) 

= -5.44 lb 

Ncgabve sign indicafcs Uuu ihe projeoed conrponen. (F,), aos i„ dre opposi» 

sense of direcaon to tfiat of Ur 
F 1 ' 


n>e magnitude is (F,), = 5.4415 


Ans 



im 


2-126. Determine the angle 0 betvveen the two cables 
attached to the pipe. 


The Angles Betmeei i Two Veetors 8: 

u Fi = (0.4330Ì +0.75j-0.5k) • (-0.70711 + 0.5J + 0.îk) 
= 0.4330(-0.7071) +0.75(0.5) + (-0.5)(0.5) 

= -0.1812 



9 = cos' 1 ( u,, u^) =cos‘‘(-0.1812) = 100° Ans 


F, = 30 Ib 


Vnit Vector: 


u F = cos 30°sin 30°i + cos 30°cos 30°j - sin 30°k 
= 0.4330Í +0.75j-0.5k 


u^ = cos 135°i + cos 60°j + cos 60°k 


= -0.7071i + 0.5j + 0.5k 


2-127. Determine the angle 6 between cables AB and 
AC. 


Position Veetor: 


r t , = {(0- 15)i + (3—0)j + (8—0)k) ft 
= {-15i + 3j + 8k) ft 

r AC = {(0- 15)i + (—8—0)j+(12—0)k} ft 
= {-15i-8j+12k) ft 


The magnimdes of the postion veciors are 


r tl = V(-15) 2 + 3 2 + 8 2 = 17.263 ft 
r AC = V(-15) 2 + (-8) J + 12 2 = 20.809 fi 


The Angles Between Two Vectors 9: 


r a s r, c = (-15i + 3j + 8k) ■ (- 15i - 8j + 12k) 

= (—15) (—15) + (3) (—8) + 8( 12) 

= 297 ft 2 


„ ,.| f r AB ' r -tc ì rn -- 1 [ 29? - 1 = 34.2“ AnS 

e ~ t r A ,r AC j L 17.263(20.809) J 
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2 ' 12S ■ /fFhas „ " 

mí *gnitude ofif, n . ma * nitu * of 55 /h , , 

3XÌS «»- a/on g caKí d 


: 



—J 0J4k 

F = Fu„ s = SS(-0. S689j + 

= (-47.7911 + 9 5 ji^ +ft «34k) Jb 
*'«*IW. 7he . 8 j+ 2 5-4*9k} lb 


U 4C = 


= -í 

Pr ° j 'c‘'*Co mponentofv 


^eprojectedcomponentMx,^ A “ 

=fcos e . From u,c ioJu jïsïí , -* 

c = ÎScos 34.2° = 4JJ Ib 


sheet-metal bracfcet.^ 6 ° hetween the edges of the 


"400 mm 


250 mm 


300 mm 

/ 

~ 50 mm 


r ' ~ {40 °’ + 250k } , 
** = { S0i + 300}} mn 
r - r 2 = 


471.70 


mm 


( 4 ° 0 ) ( 50 ) + 0(300) + 


0 = cr,c-‘, r I r, 


h = 304.14 mm 
250(0) = 20000 


CtK~ 1 1 —! '*2 , 

r. r ‘ 


cos-'(-____£0000 

( 4^7Ò)(3Ô4jij/ = «2.0» 


Ans 
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2-130. The cables each exert a force of 400 N on the 
post. Determine the magnitude of the projected 
component of Fi along the line of action of F 2 . 


Forct Vtclor: 

u F = sin 35”cos 20°i -sin 35°sin 20°j+cos 35°k 
= 0.5390Î -0.1962j+0.8192k 

F, =/j u f| =400(0.5390i-0.1962j + 0.8192k) N 
= {215.59i-78.47J + 327.66k) N 

Unit Vtcior: The unit vector along the line of acòon of F 2 is 

=cos 45°i + cos 60°j+cos 120°k 
= 0.7071i+0.5j-0.5k 

Projttíti Compontnl of F, Along Lint of Action ofVj : 

(fj) Fi = F, u fi =(215.59i-78.47j+327.66k) (0.7071i+0.5j-0.5k) 

= (215.59) (0.7071) + (-78.47)(0.S) + (327.66) (-0.5) 

= -50.6 N 

Negaúve sign indicates that the force component (F, ) F] acts in the opposite sense 
of direcuon to thal of u Fj . 

thus thc magmtude is (F, ) F] = 50.6 N Ans 


2-131. Determine the angle 6 betvveen the two cables 
attached to the post. 


Unil Vtclor: 


u fi = sin 35“cos 20”i -sin 35”sin 20”j+cos 35”k 
= 0.5390i - 0.1962J+0.8192k 

u^ = cos 45°i + cos 60”j+cos 120”k 
= 0.70711+0.5j-0.5k 


Tkt Anglts Btlw ttn Tw 0 Vttíors 6 : The dot product of two unit 
vectors must be determined fust. 

u f| u fj = (0.5390i-0.1962j+0.8192k) (0.7071i+0.5j-0.5k) 
= 0.5390(0.7071) + (-0.1962) (0.5)+0.8192 (-0.5) 

= -0.1265 


B = cos* 1 (u f) • u^) = cos’ 1 (-0.1265) = 97.3” Ans 
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*2-132. Determine the angles 6 and <t> made between 
the axes OA of the flag pole and AB and AC, respectively, 
of each cable. 





B- = 40N 


r xc = {—2* -4j + lk) m ; r - 


t ab = {1.51 - 4j +3k} m; 
t ao = { - 4j — 3k) m; 


r AC = 4.58 m 


r AB — 5.22 m 


r Ao = 5.00 m 


r AB r AO - (15)(0) + (—4)(—4) + (3)(_3) _ 7 

8 = cos~‘( -4* r AQ y 
r AB r AO 

“ COS " ( 532(W = ^ 44 ” = 74.4= 

t ac r AO = (—2)(0) + (-4)(—4) + (1)(—3) = 13 
^ = co s~ l (— c r<4 °) 


C0S ( 4.58(5,00) ) " 55 ' 4 ° Ans 


2-133. Determine the magnitude and coordinate direction 
angles of F 3 so that the resultant of the three forces acts 
along the positive y axis and has a magnitude of 600 lb. 


F, = 180 lb 



F 2 = 300 lb 


/r = IF ■ 0 =-180 + 300 cos30°sln40° + F, cosa 

*Kx x * 

Fjy = ZF y ; 600 = 300 cos30°cos40' > + F, cos)3 

F„ t = £F t ; 0 = -300 sinSO” + F, cos/ 

cos 2 a + cos 2 P + cos 2 y — 1 


F, = 428 lb Ans 


p = 20.6° Ans 

r = 69.5° Ans 




2-134. Determine the magnitude and ^oordinate 
direction angles of F 3 so that the resultant of the three 
forces is zero. 


F Kx = &; ; 0 = - 180 + 300 cos30°sin40° + F, cosa 

Fg, = ZF y ; 0 = 300 cos30°cos40° + F, cos/î 

Fp t — ZJ't'■ 0 = —300 sin30° + F cos y 



cos ‘a + cosr p + cos 2 y = 1 


F, = 250 lb Ans 


a = 87.0° Ans 


P = 143° Ans 


r = 53.1° Ans 


2-135. Determine the design angle 0(9 < 90°) between 
the two struts so that the 500-lb horizontal force has a 
component of 600-Ib directed from A toward C. What ìs 
the component of force acting along member BAl 



Parallelogram Law : The parailelogram law of addition is shown in 
Fig. (a). 

Trigonometry : Using law of cosinesfFig. (b)], wehave 


F ba = /6002 + 5002 _ 2(600) (500) cos 20° 
= 214.91 lb = 215 lb 


feoolb 

\ 


The design angle 0 (0 < 90°) can be determined using law of sines 
[Fig. (b)]. 

sin 6 sin 20° 

500 ~ 214.91 
sin 6 = 0.7957 

0 = 52.7° Ai 


500 lb 
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»2-136. The force F has a magnitude of 80 lb and acts 
at the midpoint C of the thin rod. Express the force as a 

Cartesian vector. 

r»» = (“3i + 2 j +6k) 

J 


r CB = 5 r „ = (-1.51 +1J +3k) 

/è 

h ■ 

r c0 = r so + r CJ 

Ì/ 


= -6k - 1.51 +lj + 3k 

C (f \F = 801b 

6 ft 

= -1.51 +lj - 3k 

r co = 3-5 

F = 80( —) = {—34.3i + 22.9j - 68.6k} lb 


♦2-137. TWo forces Fi and F 2 act on the hook. If their 
linef of action are at an angle 0 apart and the magnitude 
of éach force is Fi = F 2 = F, determine the magnitude of 
the resultant force F R and the angle betvveen F s and F^. 


f _ F 
sinŷ sin (8-Q) 

sin(0-^) - sin0 

6 — <p = <p 




F * = V'(f) 2 + (F) 2 - 2(F)(F) cos(180° - 0) 
Since cos(180°- 6) = -cosfl 
F k = F(/2)/l+ cosfl 


.6. /1 + cos 6 

Since cos(-) = y--- 


^ = 2Fcos(j) 


2-138. Determine the angles 0 and </> between the wire 
segments. 



= {-0.4J -0.îk} m ; 


r,. = 0.640 m 


r»c - {0 8i + 0.2j - 0.5k} m; r, c = 0.964 m 

r»,• r» c = 0+ (-0.4)(0.2) + (-0.5)(-0.5) = 0.170 m 2 
. 0.170 

6 - cos (-) = 74.0“ Ans 

(0.640) (0.964) ; 

r c» - {~0.8i - 0.2j + 0.5k} m ; r CB - 0.964 m 

r cn = {-0.8Ì } m; r CD = 0.800 m 

r c s • r C D = (-0.8)(—0.8) = 0.640 m 2 
0.640 

ó = cos (-) = 33.9° Ans 

1 (0.964) (0.800)' 
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= -0.58Í3Ì + 0.7845j+0.! 961 lc 

F = Fuc ° ~ 1 °0(-O.Î883i + 0.7845j + 0.1961 It) 
~ {-Í8.835Î + 78.44Íj + 19.612k) lb 

Vn“ Vtctor: The unit vector aJong CB is 


= -0.80181 - 0.5345j+0.2673k 
Projeettd Component of F Along CB : 

Fc ‘ =F = (-58.8351 + 78.446j + 19.612k) ■ r-o 801 s, 

; K 83 i) ^018 ) + (7 8.446 ) ^ 3 345 ) ^^ ) 

2 -i4i. The boat is to be pulled onto the shore usine two 
ropes. If the resultant force is to be 80 Ib, directed along 

T aÍd e i fl a; t Tnf° Wn ’ í *™ 6 the ^agnitudes of forceS 
and P acting in each rope and the angle 0 of P ls a 

rmmmum. T acts at 30“ from the keel as shown. 


From fl 8ure P is miaunum, when 



. S? 


0 + 30° = 90° ; 

0 = 60° 

Ans 

-AJHB 


► gQ Jt) 

P 

- 80 





sin30° 

r 

sin90° 

80 

: P = 40 Ib 

Ans 


■jN 


sin60° 

sin90° ' 

T m 69.3 lb 

Ans 
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-'-3-4. Dctermine ihe magnitude and angle H «f F so that 
the partiele is in equilihrium. 


^cose + 2.25 cos60° - 4.5 - 7.5 sin30° = 0 



equilibrium. Set 9 = 60° d for 


Equation of Bquilibrium : 

^ cos 60° + /ï siii 70“-5co« 30°-7^-ì *o 

0.5/;+0.9397F 2 =9.9301 5 

+ TJ^= 0 ; /Jcos 70°-/; jin 60°+5sin 30 l> -7f-) = o 
0-3420 F 2 - 0.8660/; = 1.70 5 

Solving Eqs. [1] and [2] yields 

* 1.83 kN /J = 9.60 kN Ans 


[ 1 ] 


Í2J 
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3-6. The members of a truss are pin-connected at 
joint O. Determine the magnitude of Fi and its angle 9 
for equilibrium. Set F 2 = 6 kN. 


Equations of Equilibrium : 

-+l/v=0; F,cos9+6sin70°-5cos30°-7^ = 0 

fjcos 8 = 4.2920 

+ TZÇ=0; 6cos70°-^sin9+5sin30°-7^j = 0 


F. sin 9 = 0.3521 


Solving Eqs. [ 1] and [2] yields 


9 = 4.69° F. = 4.31 kN 


3-7. The device shown is used to straighten the frames 
of wrecked autos. Determine the tension of each segment 
of the chain, i.e., AB and BC, if the force which the 
hydraulic cylinder DB exerts on point B is 3.50 kN, as 
shown. 


Equatioiu of Equilibrium : Adirect solunon for F lc cm be obtained by 
summing forces along the y axis. 

+ T ZF r = 0; 3 Jsin 48.37° - f Jc sin 60.95° = 0 




400 mm 250 mm 


F, c = 2.993 kN = 2.99 kN Ans 

Using the result F, c = 2.993 kN and summing forees along x axis, we have 


mryvi^' 


-+ ZF X = 0; 3 Jcos 48.3|° + 2.993cos 60.95° - F Á , = 0 

F Á , » 3.78 lcN A 


3 5 W 


79 




www.usacingenieria.blogspot.com 


3-10. The 500-lb crate is hoisted using the ropes AB and 
AC Each rope can withstand a maximum tension of 2500 
lb before it breaks. If AB always remains honzontal, 
determine the smallest angle 0 to which the crate can be 
hoisted. 


Case 1 : Assume T Al 



-*lfl = 0; 


2500 - T ac cos0 = 0 


+ î lF y = 0; T ac sinS - 500 = 0 


0 = 11.31° 


Case 2: Assume Tac 
+ í 1E = 0 ; 


-+ZF X = 0; 


T ÁC = 2549.5 lb > 2500 lb (N.G!) 


2500 sin0 - 500 = 0 


0 = 11.54° 


T ab - 2500 cosl 1.54°= 0 
T ab = 2449.49 lb < 2500 lb 


Thus, the smallest angle is 0 = 11.5° 


3-11. Two electrically charged pith balls, each having a 
mass of 0.2 g, are suspended from light threads of equal 
length. Determine the resultant horizontal force of 
repulsion, F, acting on each ball if the measured distance 
between them is r = 200 mm. 


f - n—) = o 

150 


A 3,500 U> 



+ tlF = 0 ; 


(1502-752 , ' \ I 

150-0.2(9.81)( 10 -3 ) = 0 V) F 


Z = 2.266(10* 3 ) N 


F = 1.13 mN Ans 
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and ihe cemer of graviíy hfl^me'd 'T * weí 8 hl of *<00 Ib 

"" “ “■« »Ne, AB e'SST 0 "™”' 

neeaed to support it. 


Fr« Boiy Diagrom : By observuion, oblcMÍ h» * suppor, tf* 
enure weight of the concrete pipe. Thus, 

^=400«, An , 

^ton foree in cable CD a the S aree tftreughout tfte cable. tf,at ia 
r ar — r’on. 



Equatìons of Equilibrium : 

♦ 

-*ZF,= 0 ; F tD sm4S°-F, c sin45° = 0 

f bc - Fa c = F 

+ î XFj = 0; 400 - 2íco S 45° = 0 

F = f bd = f cb = 283 ib 


■ ' Ab °4oo IL> 


3-13. Determine the strpteoh • 

equiiibrium of the 2-kg block The" ^ Sf>rinê for 

the equilibrium position. ™ SPnngS are shown 





FaD = 2(9f!1 > = -«(40) 


x ad = 0.4905 i 


-+ FJF , = 0; 


+ t ZF = 0 . 


~ f ac(~)= 0 

V2 

+ - 2(9.81) = 0 

f ac = 15.86 N 




íl %Sl) N 


, _ 15.86 

AC 57r = °*293 , 


f ab = 14.01 N 


AB 30 “ ~ 0.467 m 
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'ï :ï mu ” «nt* “° w efpot 
of» Ib eitbe, cabte À S°o“r J"*"* * c,We 


Equations of Equilibrium : 


>21^=0; 7^ c sin 30' 




F ac = 1.20F as 


+ tSí;-0; F ac cos 30° + r AS 




0.8660F ac + 0.SF ab = W 

Sjnce F ac > F ab , failure will occur first at cableACwith F AC = 50Ib. 
Then solvuig Eq. [1] and [2] yields 



F ab = 41.67 lb 
W = 76.6 lb 


+ L.°/ 




e \ tLF> 



Fco cos0 - 65 ( 1 , = 0 
'fcnrtn 0-6S- 6S( l? )=o 

e = tan-'(5) = 7 «.7» A 
ffco = 127 lb 
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3-21. The ball D has a mass of 20 kg. If a force of F = 
100 N is applied horizontally to the ring at A, determine 
the largest dimension d so that the force in cable AC is zero. 



Equations of Equilibrium : 

0; 100-F>i,cos® = 0 F * ,CO> 9=100 

+ T ZF r = 0; F„sin 9-196.2 = 0 F„sin9=196.2 

Solving Eqs.ll] snd 12] yields 

8 = 62.99° F*, =220.21 N 





From the georoeny. 


</+13 = 2on 62.99° 
& = 2.42 ro 


9-U9V 
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T ab — 34.6 lb Ans 
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♦3-24. Determine the magnitude and direction 8 of the 
equilibrium force F AB exerted along link AB by the 
tractive apparatus shown. The suspended mass is 10 kg. 
Neglect the size of the pulley at A. 



Frtt Bodj Diagram : The eniion in ihe coid is (he saroe throughout the 
cotd. thaiis 10(9.81) =9.81 N. 

Equations of Equilibrium : 

AlÇ=0; /^ t eos8-98.1cos 75“-98.1cos 45* = 0 

F A ,cose~ 94.757 [ 1 ] 

+ ÎXÇ =0; 98.1sin75°-98.1sin45»-/ï t sine»0 

F„sin 6 = 25.390 [2] 


tomiMi-i* 


A A 


Solving Eqs.(l) and [2] yields 


/OF9S0-96IB 


6=15.0° F a , = 98.1 N 


89 








vveight of block 
the pulleys. 



v \ / w ' 








www.usacingeniena.blogspot.com 


3-27. The lift sling is used to hoist a container having a 
mass of 500 kg. Determine the force in each of the cables 
AB and AC as a function of 8. If the maximum tension 
allowed in each cable is 5 kN, determine the shortest 
lengths of cables AB and A C that can be used for the lift. 
The center of gravity of the container is located at G. 





Fr „ Boij Diagram : By observaion. the forcc F, tus 10 snppoit dm 

r, .»«i)-«»><■ 

Equations of Equilibrium: 

ÌIT.=0, F iC cose-F t ,cos8 = 0 F tc = F t ,=F 
+ T IF r = 0; 4905 — 2Fsin 8 = 0 F= (2452.5csc 8} N 

-nms. F, c = ^=F={2-45csc8}kN An, 

If the maxìmum aUowsble tension in the cable is 5 kN. then 

2452.5csc 8 = 5000 
8 = 29.37' 


F,'=500(9 
' - 4-90 ? a/ 


eVIV® 


Froro Ote geomeby. i = ^ ««l 8 = 29 - 37 °' 


i, 1-5 -- 1.72 m 

cos 29.37' 
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♦3-28. The load has a mass of 15 kg and is lifted by the 
pulley system shown. Determine the force F in the cord 
as a function of the angle 8. Plot the function of force F 
versus the angle 6 for 0 s 6 s 90°. 


í í'Nl) 

Frtt Body Diagram : The tenjion force ìx the same throughout the cord. 
Equaíions of Equilibrium : 

4l7î=0; Fsine-Fsine = 0 (Salisfitd!) 

+ T ZF, = 0; 2FC0S 8- 147.15 = 0 

F= {73.6scc 8} N Ans 



3-29. The picture has a weight of 10 Ib and is to be hung 
over the smooth pin B. If a string is attached to the frame 
at points A and C, and the maximum force the string can 
support is 15 Ib, determine the shortest string that can be 
safely used. 


Frtt Body Diagram : Since the pin is smooth, thc tension force in 
thc cord is the same throughout the cord. 

Equations of Equillbrium : 


4 = 0; rcos e - rcos 0 = 0 (Satisfitd!) 

+ î ZF = 0; I0~2rsin 6 = 0 r«-r~ 

1 srn 8 

If tension in the cord cannot exceed 15 Vû, then 



d = 19.47° 


From the geometry, - =-- and 6 = 19.47°. Therefore 

2 co s 9 
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3-3° The 200-lb uniform tanlc is suspended by means 

tank and r> nS Cab ' e ' W !” Ch Ì$ aUaChed l ° the sides of 'he 
tank and passes over the small pulley located at O If the 

caMe can be attached at either points 4 and B or C 

and D, determme which attachment produces the least 

amount of tensmn in the cable. What is this tension? 


Free Body Diagram : By obíerviáan, the force F has lo suppoct the 
entire weight of the tuk. Thus, F-2001b. The tenjion in cable uthesame 
throughout the cable. 

Equations of Equilibrium : 

->LF' = 0; 7cos 8 -Taa 8-0 (Satiifiedl) 

+ ÎIF,- 0 ; 200 - 2rsin 8-0 r-— ,,, 

sin 8 

From the funoion obtained afoove, one realizes that in order to produce the 
least amount of tension in the cable, sin 8 hence 8 must be as great as 
possible. Sinoethe attadunent of Ihe cable to point C miD producej a 

greater8 ( 8 = oos 1 } - 70.Î3’) u compmed to the auachrront of the cable 
topointsA and 8( 8 - coj~ l y * 48.19°) , 


The attachment of the cable to pointC and O will produce 
the least amonnt of tenslon |n the cable. 


Thus, 


r- 


100 

sin 70.53® 


- 106 ib 


Ans 
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■3-31. A venical force P = 10 lb is applied to the ends 
of the 2-ft cord AB and spring AC. If the spring has an 
unstretched length of 2 ft, determine the angle 6 for 
equilibrium. Take k = 15 lb/ft. 



UlF, » 0; F, co»4 - T co »8 - 0 (» 

+ T EF, = 0; T ÊÍntì + F, «infl- 10 = 0 (2) 

, . y/(4)i + (2)i-2m2)cotO = 2/5-4co»fl 
F, - kx - 2i(/S-4co«8 - 1) 

COS0 

FiomEq.(l): r = ^^Ssfl' 

From Eq. (2) : r- 2*(/5-4c°.fl - 'K4_ 


2*(/5-4co»fl -l)(2-co»fl).„ 0 . 2C(/S-4co»8 -l)2.içfl 
jSS 2/5-4co»fl 


(/5-4c°«fl _ sin fl + sinô) = ^ 



• 3(3 - Ca ifr) 

! îî 7 

5-H-U3S ^ 

2 


tarH9( 75-4co»g ~ 1) = 

^ 5 - 4 cos 0 4 * 

Sct fc = 15 lb/ft 

Solving for 0, 

e = 35.0° Ani 


*3-32. Determine the unstretched length of spring AC 
if a force P = 80 lb causes the angle 0 = 60° for 
equilibrium. Cord /1P is 2 ft long. Take /c = 50 lb/ft. 


B 



/ = /42 + 21 - 2(2)(4)cos60° 

/ = /Ï2 

/Ï2 _ _2_ 

sin60° sin^ 

^ 2sin60° 

♦ = s»i ‘(— 7- ) = 30" 

/>2 

+ Î2^=0; rsin60° + iîsin30° - 80 = 0 

-+£/;= 0; -TcoséO" + /;cos30° = 0 
Solving for /£, 

/ì = 40 Ib 

F t = kx 

40 = 50(/Ï2 - O 
l' = 2.66 ft Ans 
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■3-33. A “scale” is constructed with a 4-ft-long cord and 
the 10-lb block D. The cord is fixed to a pin at A and 
passes over two small pulleys at B and C. Determine the 
weight of the suspended block E if the system is in 
equilibrium when s = 1.5 ft. 



Frtt Bodj Diagram : The tension force in Ihe cord is ihe suw ihroughout 
ihe cord, ihst is 10 Ib. From ihe geometzy, 

®“ SÌn "(ra)- 23 - 38 °- 

Equations of Equilibrium : 


^ïí«0; lOsin23.58° - lOsin 23.58° - 0 (Smlsflod!) 

+ Tl^«0; 2(10)cos 23.58°-m-0 

W, - 18.3 Ib Ans 


0-5 ft 



W £ 


X 
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«*3-35. The spring has a stiffness of k = 800 N/m and 
sholvn ° When the Sprin § is he,d in the position 


r*« Forct In The Spring: TTiespring straehes s = l-l^ =* 0.5-0.2 
= 0.3 m. Applying Eq. 3 - 2, we have 

F, p =ks = 800(0.3) = 240 N 


Equations of Equilibrium : 

f, c eos4$»+^ o ^j_240 = 0 
0.707 Wi c + 0.8/i o = 240 

+ tZF y =°; F lc sin 45° -F l0 J =s0 
F.c = 0 . 8485 /ìa 
Solving Eqs. f 1] «nd (2) yélds, 


3 36. The sling BAC is used to lift the tnn ih i a • . 
constant velocitv. Determine the r • ® X ‘ b load Wlth 
its value T (ordinatei as f orce ln th e sling and plot 
where Osís 90°. functl °n of its orientation 0, +f v m 




100 - 2rcos0= 0 


loote T 
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3-41. Determine the magnitude and direction of F, 
required to keep the concurrent force system in 
equilibrium. 


Cmrutitut Vtctor Notation : 

F i *^.l + í i,j + fì.k 

» {—500j > N 

-2i-6J + 3k 


F, =400 


= (-114.29Ì -342.86j+ 171.43k) N 


l^(-2) 2 + <-6) 2 + 3’J 

F, = 300{cos 30°j + sin 30°k) N = {259.81j+ 150.0k) N 

F s = {—450k) N 

Equations of Equilibrium : 

IF = 0; F, +Fj + F,+F„+F 5 =0 

( - 114.29) 1+ (-500 - 342.86 + 259.81) J 

+ (í;_ + 171.43+ 150.0 - 450) k = 0 


Equadng i, j and k components, we have 

fi, -114.29 = 0 

-500 - 342.86 + 259.81 =0 
fi, + i7i.43+i50.o-430 = o 

The magmtude of F, is 


F lt = 583.05 N 
F ít = 128.57 N 




= /114.292 + 583.05 2 + 128.57* 
= 607.89 N = 608 N 


Aits 


The coordinate direction anglcs are 


-,(f 

a = cos 1 - 

i.) .,rll4.29' 

'i J 1607.89. 

= 79.2° 

Ans 

P = cos'* 

-ì = =os-f 83 -° 5 ^ 

1 J V 607.89 J 

= 16.4" 

Ans 

r=c ° r 'G 

i.) _,r 128.57 > 

J 1.607.89> 

= 77.8" 

Ans 
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3-42. Determine the magnitudes of F,, F 2 , and F 3 for 
equilibrium of the particle. 


F, = {cos60°i 4- sm60°k } 
= {0.5F, i + 0.8660Fj k } N 





= { 0.6F 2 i - O. 8/5 j>N 
Fj = Fj{-cos30°i - sin30°j } 

{-0.8660/51 - 0.5/5 j }N 
ï /5 = 0 ; O. 5/5 + O. 6/5 - O. 866 O /5 = 0 

= 0; -O. 8/5 - 0 5/5 + 800sin30° = 0 

^ = 0; 0.8660 /5 - 800cos30° = 0 

F 2 — 800 N Ans 

/5 = 147 N Ans 


3-43. Determine the magnitudes of F b F 2 , and F 3 for 
equilibrium of the particle. 


XF t * 0; F, sin30° - 2.8 = 0 

F, = 5.60 kN Ans 



XF y = 0; 8.5 cosl5°- ( —)/ï = 0 


F 2 = 8.55 kN Ans 


ZF X =0; Fj - 5.6cos30°-8.55(^) - 8 5sìnl5°= 0 


F, = 9.44 kN Ans 
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**3-44. Determine the magnitude and direction of the 
force P required to keep the concurrent force system in 
equilibrium. 


z 



Carteiian Veetor Notation: 

F, = 2{cos 45°i + cos 60°J + cos 120°k} kN = {1.4141 + l.OOj- 1.00k> kN 

E, = 0.75| - l îÌ4 - 3 J + 3k _ j = {-O.250Ì + 0.50j + 0.50k} kN 

{■Ji-i.sp+v+y) 

Fj = {-0.50J} kN 
P = P,l + P y j + P t k 
Equations of Equilibrium : 

IF = 0; Fj+Fj+F, +P = 0 

{P„ + 1.414—0.250)1 + (/J + 1.00+0.50 —0.50) j + (/J — 1.00 + 0.50) k = 0 
Equadng i, j and k componerus, we have 

P x + 1.414-0.250 = 0 P x =-1.164 kN 

P r + 1.00 + 0.50 - 0.50 = 0 Py =-1.00kN 

P t - 1.00 + 0.50 = 0 P ; = 0.500 kN 

"Ihe magnitude of F, is 

P=JP? + P* + P* 

= -/(-U64) I + (-1.00) z + (0.500)i 
= 1.614 kN = 1.61 kN Ans 

The coordinale direction angles are 


a = cos”'^ 


Ans 

P = cos- (j 

i)"“"(SS)- OT 

Ans 

r=cos-(í 


Ans 
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3-46. If cable AB is subjected to a tension of 700 N, 
determine the tension in cables AC and AD and the 
magnitude of the vertical force F. 



CartaUm Vtctor Notation : 

„ 21 + 3j — 6k ) 

F a , = 700 ::: A- . = {200i + 300j - 600k } N 


(•J 2 1 +(-6)* 

-1.3i + 2j-6k 


r AC * r AC I ...... .■gJ..'..".'. 

l > V(-1.3) , + 2» + (-6) î 
-3i-6j-6k 


( 


*AO = ‘AO 


= -0.2308^ c i + 0.3077F /lc j-0.9231^ c k 

= -O.3333^ 0 i -0.6661F AD }-0.6667F AB k 


W<-3) , + (-6) , -+(- 6 ) 1 ) 

F = fk 

Equations of Equilibrium : 

£F = 0; F a ,+F ac + F ad + F = 0 

(200 - 0.2308 /^ c -03yyiF AB )i + (300+ 0.3077/^ c — 0.6667^ o ) j 
+(-600 - 0.92315 c -0.6667/^, + F)k = 0 

Equaong i, j ind k componenls, we have 


200 - 0.2308^ c -0.3333^ D = 0 

[1] 

300 + 0.3077/^ c -0.6661F AD = 0 

[2] 

-600 - 0.9231/^^-0.6667/^5 + ^=0 

[3] 

Solving Eqs.(l), (2) and (3) yjelds 

F ac m 130N F ad = 310 N F= 1060 N= 1.06 kN 

Ans 
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3-47. Determine the stretch in each of the two springs 
required to hold the 20-kg crate in the equilibrium 
position shown. Each spring has an unstretched length of 
2 m and a stiffness of k = 300 N/m. 


X " 


Cmrtesiatt Vtctor Nototion : 



Fû-i =- F oaÌ *o. - F ot' 
f = {-196.2k} N 


Equations of Equilibrium : 

EF = 0; f oc + F <M + r o» +F = 0 

fyoc - F o. ) + (^ F oc - Eo* ) + (/oc - ^ 96 - 2 )* = 0 
Equaúng i, j and k componeno. we have 


-Foc~ F o. 

Ul 

~ f oc~ f oa =0 

[2] 

5^-196.2 = 0 

[3] 


Solving Eqs.m. [2] and [3] yields 

F x = 228.9 N F ot = 98.1 N F 0A =65.4N 

Spring Elongaiion : Using spring fotmula, Eq.3-2, thespring 
F 

elongahon is s = -. 

Jo , = ?11 = 0.327 m = 327 mm 

300 

= 5£i= 0.218 m = 218 mm 
“ 300 
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DB , and DC. h su PP ortln g cables DA, 



““ = { h' ~ S + é k > 


UDC=í 'fe 5, + 5Íj + é''} 


ZF, = 0 


J5 

II 

o 

1.5 

4.5^ 

2^=0; 

43 Fw + 


F da = 10. 


Fdb — ì.i; 


Fdc = 15.í 


Feí _ Fk. 


■3-49. The 2500-N crate is to be hoisted with constant 
velocity from the hold of a ship using the cable 
arrangement shown. Determine the tension in each of the 
three cables for equilibrium. 


F- 2500 N 



„ „ -0.751+ lj-3k 

Í.D 7 == = -0.2308F AO I + 0.3077F AD j-0.9231E D k 

^(-0-75)= ++(-3)3 J iD 

_ „ f li + 1.5j -3k ì 

F AC=F A C -7= =0.2857í; c i+0.4286F Ac j-0.8571F <c k 


fl 2 + 1.5 3 + (-3) I > 
II - 3J - 3k 
'l 2 + (-3) 3 +(-3) 3 


= 0.22947, ,i-0.6882F,,J-0.6882/i;,k 


F = (2.5k)kN 


rF = 0: F, 0 + F,, +F ac + F = 0 

(-0.23087; D I + 0.3077 F A D j - 0.9231F, „ k) 

+ (0.2294F,, I - 0.68827,,J-0.68827,, k) 

+ (0.2857/ 3 c i + 0.4286F, c j-0.8571F, c k) + (2.5k)=0 
(-0.2308F;d + 0.2294F„ +0.2857F, c )i 

+ (0.3077F, o -0.6882^, +0.4286F, C )J 

+ (-0.9231F,o-0.6882F„ -0.8571F, C + 2,5)k = 0 


ÏF, = 0; - 0.2308F, o + 0.2294F, , + 0.2857F, c = 0 

ZF r = 0; 0.3077F, o - 0.6882F,, + 0.4286Ì 3 c = 0 

Ei 3 =0; -0.9231F, 0 - 0.6882F,, -0.8571F, C +2.5 = 0 

Solving Eqs.[l] f [2] and [3] yields : 

F ab = 0.980 kN F ac = 0.463 kN F AD = 1.55 kN 
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W aci ffl!lf{Ìfp b k 0 â sp a 0t m c Ss m s of 15 kg and is supported 
by a pole AO and cables AB and AC. If the force in the 
pole acts along its axis, determine the forces in AO, AB, 
and AC for equilibrium. 


z 



W = 15(9.8!)k = {-147.15k)N 

ZF , = 0: 0.3077^0-0.6667/-^ - 0.2857/* c = 0 

LF , = 0; - 0.23087) o + 0.3333Ç, + 0.4286/> c = 0 

LF < = 0; 0.9231 F ao - 0.667/^» - 0.8571Ç C - 147.15 = 0 
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3-53. The boom supports a bucket and contents, which 
have a otal mass of 300 kg. Determine the forces developed 
in struts ADaná AE and the tension in cable AB Un 
equilibrium. The force m each strut acts along its axis. 


Cartttian Vtetor Notation : 


= r f -3J+1.23 k ì 12 5 

‘ < 'W(-3) 1 +l3St j 13^ sJ + Î3^*‘ 


-2i + 3j + 6k 


I ' + 7 J W + 7 f x D k 



r .r I 2i + 3j + 6k 2 3 6 

" “ “ 7^ i + 7^ + 7^ k 


F = {—2943k) N 
Equations of Equilibrium : 


n* 0 - *■«+*•„„+F a£ +F = 


Í~ì Fád + ? f «) + ("T5 F ** + ì f * d + 

í 5 r 6 6 \ 

[Î3 a,+ 7 Fad + 7 F **~ 2943 J k = ® 


Equatmg 1. J and k componenu, we have 


2 „ 2 

~ 7^o + ^ÍÌ£ = 0 
i2 3 3 

13^* + j^'D*ŷ l \e = 0 

5 6 6 

JÎ Fab + 7^o + ”2943 = 0 


Solving Eqs.[l|, [2] and [3] yields 


Fâg ^-.-■crceu* 


/ t'I r-- 5cc(ïfi -, 


^ae - Eto ~ 1420.76 N = 1.42 kN Ana 
F a , = 1319.28 N= 1.32 kN 
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3-54. Determine the force in each of the three cables 
needed to lift the tractor which has a mass of 8 Mg. 


Cartesian Vector Notation : 




21 - t.25j-3k 


[y'2'+ (-\.2S) 1 + (-!)* 


0.5241 F A , i - 0.3276F*, j - 0.7861 1 


= F., 


21 + 1.25j-3k 


fo+l.lSl + í-ì)' 1 J 


= 0.524 lF AC i + 0.3276 F A C J - 0.7861 F A c l 




-li-3k 




- 0 . 3162 ^ 01 - 0 . 9487/^08 


F = {78.48k} lcN 


Equations of Equilibrium 

£F = 0; F„ + F, c + F,o + F = 0 

(0.5241^,+0.5241F, c -0.3162F i o)< + (-°- 3276/ ii« +0 - 3276F »c)j 
+(—0.7861/û* -0.7861/^ c -0.9487/^o + 7 8.48)k = 0 


Hquatíng i, j and k componems, we have 

0.5241F,,+0.5241F AC -0.3162^,0 = 0 

-0.3276Ç, +0.3276/r c =0 
- 0.7861 F a , - 0.7861/ìc - 0.9487^o + 7 «' 48 = 0 


Solvrng Eqs.fl], [2] and [3] vicids 
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,clin8 ,lon8 "» *» «'«d. 

tS needed ,0 su PPort the 500-kg block. 



r. - f,(LLí 2 5 k ì 

l 3.903 J 
* 0.7682 f, J + 0.6402 7, k 

Fc - F c ( *21 >-SJ-2.3k ) 

( Ï64Ô J 

« 0.1330 F c I - 0.8863 F C J- 0.4432 F c k 

Fo - iJ - 2 - 5k 1 

V 3.728 J 

» -0.2182 | - 0.8729 F 0 J - 0.4364 fi, k 

W .-300(9.81) k »-4905 k 

£F»0; F, + F c + r 0 +W . 0 

1 F ‘ " 0 • 0.1330 F c - 0.2182 F 0 .0 

r F > * 0 : 0.7682 71 - 0.8865 F c - 0.8729 F 0 » 0 

1 “ 0; 0.6402 F, - 0.4432 f c - 0.4364f 0 - 4905.0 

F, » 19.2 kN An 

F c > 10.4 kN Aoi 

Fo » 6.32 kN A. 
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3-58. The 80-lb chandelier is supported by three wires as 
shown. Determine the force in each wire for equilibrium. 


90°''--<2—!—135° 
1 ft I 



ZF X = 0; 

2.6^ c 

JJ 

II 

© 

1 

_ Z6^ 

iî 

II 

o 

2.4 

r + 
2.6 * c 

Solving, 








tou 


F áb = 35.9 lb 
Fac — F ad = 25.4 lb 


3-59. If each wire can sustain a maximum tension of 120 
Ib before it fails, determine the greatest weight of the 
chandelier the wires will support in the position shown. 



SF,=0; ^c-^—45-0 




«3=o: 2.6" 

aî-o; ♦ f/- sin45 ° = 0 (2) 

ïF t = 0\ W 

Assume F AC = 120 lb. From Eq. (D 

— (120) - ^Í3« cos45 ° = 0 
2.6 2.6 

F ab = 169.71 > 120 lb (N.G!) 

Assume F ÁB = 120 lb. From Eqs. (1) and (2) 

_Lir - _L(120 )(cos45°) = 0 
2.6 ÁC 2.6 

F ac = 84.853 lb < 120 lb (O.K!) 

+ r 6 (120)sin45 ° = 0 

F ad = 84.853 lb < 120 lb (O.K!) 

Thus, 


r "y F ‘' 


»■ . * í. *'-■>■ “ ,42 - ” IB 
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sï ": ssssr^ss^ 


Ctn„i M Vtctor Notation : 


= 0.6^,j-0.8/^,k 


c = F t f f _ 3005 30°,' - 3sin 30 °l - 41. 

(V(3cos 30°)' + (-3sm 30°) i + (~ 4 )i 
= O - 5mF Aci-O.3F AC J- 0 .SF ÁC k 


F,.»f |r (_ 3 cos30°1-3ìúi 30°I-4I, 'j 

1,)/<-3cqs 30°) 2 + (—3sin 30“) 2 + (- 4 ) J I 

= -0. 5I 96^ o l-0.3^ oj -0. 8 /, ok 1 

F = (900k) ib 
Equaíions of Equilibrium : 

°' = 0: f<.+f*c + f,, 0 + f = o 

(0.íl96^ c -o.Ji96^ o)f + ( o 6 ^_ 0 3^ ( __ 03/ . o) j 

+ (-0.8^, - 0.8/r c _ o.8^ 0 + ooo) k = „ 


Equuìng j, j and k components, w eh .ve 


0.5196/r c -0.ÍI96/r o , 0 

0-6F ai -0. 3Fac -03f ad= 0 [1 

-O.SF ÁI -O.SF ac -O.SF ád + 900 = 0 fj 

Solving Eqs.fl), (2] ukì [3] yields 

^=^ c = ^ 0 = 375Ib Anj 

subjected to . same ^ToX^IT/f’^-T^ F “ “ Symmet,y 311 cabl « « 
«xis yields ~ r *c = F AD = F. Summing forccs along z 

Zr t =0\ 900-3f(f] = o F=375Ib 



117 



www.usacmgenieria.blogspot.com 
3-61. The 800-lb cylinder is supported by three chains 
as shovvn. Determine the force in each chain for 
equilibrium. Take d = 1 ft. 


z 



- 5 J ■■■■ ]:= -0.7071F /P J-r 0.7071f AB k 

r,c - F,c|-|=j = 0.7071F <c i + 0.7071f Jc k 

-0.7071i + 0.7071J + lk 'l 
” ” ^(-0.7071)2+0.70711 + U J 

= -0^,i + 0.5^,j + 0.707UÎ,k 


F ={ 800k)lb 



?00li 


2K = 0; Fjd + Fac +F ab +F = 0 
(-0.70715*j +0.70715*k) +(0.70715 c i +0.70715 c k) 

+ (-0.5/^ji + 055,j + 0J01ÌF ab k) + (-Í00k) * 0 
(0.7071 F mc -0.5F áB ) i + (-0.7071F ai > + 0.55,)j 

+ (0.70715*+ 0.70715 c +0.70715,-800)k«0 


Z5=0; 0.70715 c -0.55, =0 

1^=0; - 0.70715* + 0J5, =0 

ZF t = 0; 0.70715* + 0.70715 c + 0.70715, - 800 = 0 

Solving Eqs.[l], [2] and [3] yields : 

5, =4691b 5 c = 5* = 331Ib Ans 
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2« îïaîttïï T" s ,hai is 

SSii.-r m -n‘ !P ™ 8 'TZ'Zlî 
0 T 0 Tj,??T rm r ,he poi '“»'=«*«™é„ 


Cartesìan Veetor Notatìon : 

Fm = < i î»),‘ + 0î.a),J+(l5 u ) t k 


p -™í -0-<J-0.15k ì 

" = { - 28 09 J - 10 ^} n 


r _ <a| -O.3i + 0.2j-0.15lt ì 

l7w + Ô2 ÛhST^J = { - 3841Ì + 2 5 ' 61 -!- 19 ' 2 »‘> N 

F = {60k} N 

Equations of Equilibrium : 

£F = °; F m +F„ + F^+F=0 

[(/>„), -3*4l]i+[(íỳ <); -28.09 + 25.6l]j 

+ [( / >„ ) : - 10.53-19.21 + 60]lt = 0 

Equating i, j and k components, we have 

(F„),-38.41=0 (/>„), =38.41 N 

(/>„) r -28.09 + 25.61 = 0 (F,„) r =2.4«N 

(/>„),-10.53-19.21 + 60 = 0 (/>„) t = -30.26 N 

The magnitude of F„„ is 



fr- _ _ so ỳn i 


^-ÒOrJ 


Î ^ \ \o iÇr* 


f* foOfJ 


F » = 7( / >„), 2 + (F,„) r I -KF,„) l f 

= ^38-41 2 + 2.482 + (-30.26) 2 = 48.96 N 
The coordinate direcuon angles are 



/»38.41 

L ^ J 05 

148.96 ; 


r 2 - 48 ì 

- . 

148.96 j- 


r-30.26'. 

r ” 003 

V4 

48.96 J = 


33«; » TC PA h as a Qf 


/>4 = _ -0 15 

°°s r ~cos 128.17” = 0-2427 ro 

* = PA«,sa = 0.2427cos 38.32» = 0.190 m 
r PAcos0= 0.2427COS 87.09» = 0.0123 ra 
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3-63. Determine the force in each cabl 
support the 3500-ib platform. Set d = 4 ft. 




ym 


3 ft^ ^4 ft' y 


+ Ai“7 j " AT7 k) 

= {-0.3698/^pi + 0.092457; D j - 0.9245/^ o k} lb 
3 10 

Fxc = lŷ . c { -==j - -p=k) 

fm yfm 

= { 0.2873/icj - 0.9578F AC k} Ib 

4 . 3 . 10 

ïÀí = {—==i - -p=J - -r= k ) 

/Ï25 {25 /125 

= {0.3578/, a i - 0.2683/,jj - 0.8944/;„k} Ib 
I/; = 0; - 0.3698/; D + 0.3578 F it =0 

ZF y = 0; 0.09245F, D + 0.2873F, C -0.2683F,, = 0 

ZF z = 0; - 0 9245/,,, - 0.9578/; c - 0.8944/;, + 3500 = 0 


51 

fik 


1.42 kip Ans 


F ÁC - 0.914 Idp Ans 


F ab = 1.47 kip Ans 
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3- (,+. ITie 80-ib ball is suspended from the horizonta! 
ring using three springs each having an unstretched length 
of 1.5 ft and stiffness of 50 Ib/ft. Determine the vertical 
distance h from the ring to point A for equilibrium. 



Ei^tíom of Equilibrium : TTm problero ibocmteeuUy 30 lved if one 

nubza «hatdue»«ymn», aU s prings «rubjeaed to.sJL 

of F ap Summing forccs along z axis yicids 

2^=0; 3F, f cos r-80 = 0 j,j 

Spriog Force : Applyróg Eq.3-2. we h.ve 

/t,=*x = i(/-4) = 50( r J±_ 1 . î ) = Ji_ 7 

Isui y Jsiny I 2 1 

Substìtuiróg Eq.[2] imo fl] yields 


vsuir ) 


COS r-80 = 0 


45 

‘«'r=— d-srór) 
10 


Solvróg by thal and error, wehave 


Ceomttry . 


r = 42.4425° 


. 15 _ 1.5 

un r tan 42.4425° ' 
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3-65. Determine the tension developed in cables OD 
and OB and the strut OC, required to support the 50-kg 
crate. The spring OA has an unstretched length of 0.8 m 
and a stiffness ko A = 1.2 kN/m.The force in thestrutacts 
along the axis of the strut. 


k n . = 1.2 kN/m 


Fret Body Diagram : Thc sprìng strctches s = /- Iq 3 1 -0.8 « 0.2 m. Hcncc, 
thc spring forcc is F gp = ks = 1.2(0.2) = 0.24 kN = 240 N. 

Cartesian Vector Notation : 


' 4 -. 



4 T !> n ' ^' 


_ _ -2i-4j + 4k 11 2 2 

*o$=Fo> 7========= =-i> : 0 ,i--Fo,i-k-F 0 ,k 

ky <-2) 2 + (—4) 2 + 4 2 J 3 3 3 


_4i + 3k 4 3 

FoC = / * C b ( _4)2 + 32 I = ~S FocÌ + 5 Fock 


-ZAod /z* 


2i + 4j+4k 1 . 2 2 

*od- f oo , ~ =-rF 0 D i + -:FoDÌ + ,Fopk 

J 2 J + 4 J + 4 2 3 i 3 


F„ = {—240j> N F = {—490.5k} N 


Equations of Equilibrium : 


^“3^* “ c F oc -t- - F od j i + ^—— F ob + -F od -2 40 Jj 

/•2 3 2 X 

+ b Fos *i F ° c * 5 F oo _490 - 5 J k = 0 


Equanng i, j and k componenu, we have 


1_ 4 1 

~/o> - J F 0 C + /oo = 0 

“ /o> + jF oo -240 = 0 

jF 0 , + -F oc + -F oa -490.5 = 0 


Solving Eqs.[l], (2] and [3] yields 




F 0 , = 120 N F oc = 150N F on = 480 N 
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3-óï. The pipe is held in piace by the vice If the bolt 

ÎtA L n « the f ° rCeS Fa Fb that the Smooth contacts 
at A and B exert on the pipe. 


1 ° : *• - f a «>560° - 50(í) = o 

+ Î2/J=0; -F Á sin60° + 50(^) = o 

F t = 34.6 Ib Ara 

F. = 57.3 Ib Ara 


S T? a force ^ 

F and -F required to „ ,7 - f applled vertical for ces 
disiance of v = 2 fi Th poml -4 aw ay from poinl fí a /“«‘«'ipiina ÍIraitl 
are ...ache/lo ”‘s TcZÍÔ‘”* “ D “ d ™> . . . 

p ' 40 15 n 


P ' HUU. 

k = áO lh/f, 


* = 40 lb/ft C 



^00.768) = 1.732JP 
F « 40.8 lb 


; 3 'Ster^ th S 7 °' the SpringS are each stretched 1.5 

ILi f 6 dlStanCe y if a force of F = 60 lb is 

C ^ e n 7r S A and H as sh0Wn ' e "ds of cords 
CAD and CBD are attached to rings at C and D 


k = 40 lb/ft 



k V40 lb/ft 


Substítute Fìn Eq. 1 


40(1.5 + 2 - 2cos0)t 
(3.5 - 2 cosô) tanS = 
3.5tan0 - 2sinfl = j. 
l-75tan0 - sin0 = 0. 


By tríal and error : 


y = 2.46 ft 


Ans 
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3-69. Romeo tries to reach Juliet by climbrng with 

constant velocity up a rope which is knotted at point A. +teç = o ; t a , S m60° - 65(9.gi> = o 
Any of the three segments of the rope can sustain a 

maximum force of 2 kN before it breaks. Determine if Tá ' ~ 12629 N * 2000 N 

Romeo, who has a mass of 65 kg, can climb the rope, and _ 0; T _ 736 2 9 COs60 = _ 0 

if so, can he along with his Juliet, who has a mass of 60 kg, 

climb down with constant velocity? T *c = 368.15 n < 2000 n 

Ycs, Romeo can climb up the ropc. Ans 



+ Î£/£ =0; T ab sin60° - 125(9.81) = 0 



-+T.F X = 0; 


TÀa — 1415.95 N < 2000 N 


1415.95cos60° = 0 


T ac = 708 N < 2000 N 


Yes FnnvYi and Jnliet ran climb down 



125(?-81)N 


■3-70. Determine the magnitudes of torces F,. F 2 , and F 3 
necessary to hold thc force F = {—9i - 8j - 5k} kN in 
equilibrium. 



= °: F , co.60-co«30- + F 2 co.135* + Ìf, 


2^ = 0; - F + F 2 cos60° + 


= °î F i sin60° + F 2 cos60°-- 5 = 0 

6 


0.433fJ - 0.707 F 2 + 0.667F, = 9 
-0.250F, + 0.500F 2 + 0.667F 3 = 8 
0.866ÍJ + OSOOFj - 0.333 F 3 = 5 


F = 8.26 kN Ans 


(4 m, 4m, -2m) 
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three ropes. Deteiïiîthe d PUli ] ° g at C by usin g the 
P uii on his rope with a force o/soT “ ^ he shouId 
ZT m f0rCC ° n log VWi a f is ^ h SO f that he «erts a 

f ° th : s case? AISO, determine h t J rCe ° n the ] og 
ouid PUI1 m Qrder tQ ne fo d whjch h 8 
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■3-72. The ring of negligible size is subjected to a vertical 
force of 200 !b. Determine the required length / of cord AC 
such that the tension acting in AC is 160 Ib. Also, what is 
the force acting in cord AB7 Hint: Use the equilibrium 
condition to determine the required angle 6 for attachment, 
then determine / using trigonometry applied to A ABC. 






Equations of EquilibHum : 

2» I/r = 0; /^jcos 40°-- 160cos S = 0 
+ Trf,=0; F t ,sin 40° + 160sin 0 - 200 = 0 

Solving Eqs.[l] and [2] yields 

0 = 33.25° 

F a , = 175 tb 

Goomtirj : Applymg law of sines, we have 

l _ 2 

sin 40° sin 33.25“ 

/ = 2.34 ft 


ì 

Kc-IÍ0 lb 

\ 



A*°' r 

— 

A ^ 


'zoo it 


/y 


3-73. Determine the maximum weight of the engine that 
can be supported without exceeding a tension of 450 lb 
in chain AB and 480 lb in chain AC. . 



—> L/j = 0, ^ C cos30°-^ S = 0 

+ î ZFy - 0; ^ c sin30 o -W = 0 

Assuming cable AB reaches the maximum tension F AB = 450 Ib. 
FromEq.[l] £ c cos30°-450 = 0 F AC = 519.6 Ib > 480 Ib (N.GÏ) 

Assuming cable AC reaches the maximum tension F AC = 480 Ib. 
FromEq.fl] 480cos30°-£ a = 0 F AB = 415.7 lb < 450 Ib (O.K!) 

From Eq.f2] 480sin30°- W= 0 W= 240 Ib Ans 
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3- 7 2 The nng of negligible size i.s subiected to a 
vemca' force of 200 !b. Detemnne the required length 

Ib A^° rd 15 SUC !î that the tension actin s in A C is 160 

fh^ A S °rk hat ' S ' he íorce actin S in cord ABl Hint: Use 
0 f5 qU : t h"" COndnion tl) d «em,ine the required angle 

ww » 4”c. ' •*» r 


Equations of Equilibrium: 

— EF, = 0; /.,„ cos40" - lfiOcostf = 0 

+ f EF, = 0; /’,„ sin40" + I60sinf/ - 200 = 0 

Solvìng Eqs. f 1 [ ami |2| yields 



0 = 33.25° 

Fab = 175 Ib 


0 = 66.75° 

I'ab = 82.4 lb 


Geometry: Applying Jaw of sines, we have 

l 2 


l _ 2 

sin40 u sin 33.25° 


sin 40° 

/ = 2.34ft or / = J .40 ft 


sin 66.75° 



, 3 5 3 ; Determin f the maximum weight of the engine that 
can be supported without exceeding a tension of 450 Ib 
m chatn AB and 480 Ib in chain AC. 



► ET, =0: F ac cos 30° - f,„ = 0 
+ f E F, = 0; Fac sin 30" — W = 0 

Assuming cablc A8 reachcs ihe maximum tcnsion F AK = 450 Ib 
From fcq. 111 cos 30° - 450 = 0 = 519.6 Ib > 480 Ib (N.G!) 

Assummg cable AC rcaches the maximum tension F AC = 480 lb 
brom Eq. 11 j 480c<»30° - F„, = 0 7« = 4Ì5.7 Ib < 450 lb (O.K!) 
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dislributive' law for^the vectnf^" VeC '° rS ' prove 'he 
(B + D) = (A x B ) + (A x d° * Pr0C,UCt ' i e - A x 
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the moment ofThÍtreeTt'ÎÍÏÌpoinf 'o"*' ° f 


C + A#b = 520^||^{6) 

= 2880 N • m = 2.88 kN m ( Counitrclockwist) Ans 


520 N 


-6 m ■ 




C+ M, = 520^ j(6+ 4sin 30") - 520^1 j(4cos 30") 

= 3147 N•m 

* ^*^ ^ ra (Counítrclockwise ) Ans 



rau "“™o” ZTT 


5 m 


-4 m- 


,260N 


-2 m— 


4-9. Determine the magnitude and directional sense of 
the resultant moment of the forces about poi 


point P. 


^ +M ° ~ 400 sin 30 "( 2 ) + 

” 35 72.1 N m = 3 


+ 260( ì2 


13 


)( 6 ) 


J7kNrn- ) Ans 


t +M, = 


26 %)(3) + 260(1 2 ) (2 ) _ 4005in30O(2) + 400co530Q(g) 
= 31S1 N m = 3 I5kN 


1 ") Ans 
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4-10. Thc wrench is used to loosen the boh. Determine 
the moment of each force about the bolt's axis passine 
through point O. 


C + = lOOcos 15°(0.25) 

= 24.! N m ( Couníerclockwise) Aiu 

C + ( w r,) o = 80sin65“(0.2) 

= 14.5 N ■ m ( CouHterclockwis*) Ans 



"zz'i’ ï S'^rr"—- - - 



300(cos30°)(3) 


*4-t2. Determine the moment about point A of each of 
the three forces acting on the beam. 


C + ( M F,) Á =-375(8) 

= -3000 Ib • ft =5 3.00 kip• ft ( Clockwise) Ans 

C + ( M r,) Á =-5000(14) 

= -5600 Ib • ft = 5.60 Idp • ft (Cloekwise) Ans 

( + = -160(cos 30°)( 19) + 160sin 30°(0.5) 

= -2593 Ib ft = 2.59 kip ■ ft ( Clockwise) Ans 


f, = 375 Ib F 2 = 500 Ib 
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íiine the momem 
acting on the beam 


rr "^ 1 * °<™« °< 


£ (*«),= 375(11) 

= 4125 Ib f. = 4.125 Up ft (Coumerel,ekwU') 

( + ("rj, =500^j(5). 

= 2000 lb ■ ft = 2.00 Idp • ft (Counterclockwise) 

Ç + ( M r,) I = léOsin 30°(0 5> - 160cos 30°(0) 

= 40.0 Ib ft (Counterclockwise ) 


4-14. Determine the moment of each force about the 
bolt located at A. Take F B = 40 Ib. F r = 50 Ib 




4-15. If f B — 30 |b and F c = 45 Ib. determine the 
resultant moment about the bolt located at A. 


(_ + M, = 40 cos25°(2.5) = 90.6 Ib ff) Ans 

I, +M C = 50 cos30°(3.25) = 141 lb ft") Ans 


<,+K = 30 cos25°(2.5) + 45cos30°(3.25) 
= *95lbff) Ans 


*4-16. The power pole supports the three lines.each line 
exerting a vertical force on the pole due to its weight as 
shown. Determine the resultant moment at the base D 
due to all of these forces. lf it is possible for wind or ice 
to snap the lines, determine which line(s) when removed 
create(s) a condition for the greatest moment about the 
base. What is this resultant moment? 


(+ M Rd =ZFd. M, d =700(3.5) -450(3) -400(4) 

500 lb • ft = 500 lb • ft (Clockwise) Ans 


When c.bl« at A is removed it wi!l cre.t. the gre.test moment .t 


Arn 


C + ("«„). 


= Z Fd: 


("»»)... =-4 5 °( 3 )-400(4) 

=-2950 lb ft = 2.95 kip ft ( Clockwìse) Ans 
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12' ftfrt o b ' 

ss 

*« ^~ô zstz r* or ,hese 


For case 1 with negaove offset, we have 

í + H) = 800(0.4) -4000(0.05) 

= 120 N ra ( Caunterclockwite) 

Forcase 2 with positive offset, we have 

f + ‘H) = 800(0.4) +4000(0.05) 

= S20N m (Counterclockw ise) 


0.05 m—iÌB—O 



2f" ma Jï n 2" o 0f 30 f ‘- * »=ish. Ot 800 Ib, 

be developed b, .he mo,„ 

determine the maximum load W havine a m b ft ’ 
G > that can be lifted. Take 0 = 30° 8 Center at 


20O0 3 ) - 800( 16cob30°) + H'(30co s 30° + 2) 

"' = 319lb Ans 


j^Í i îl^'giâTÏ-. | 


b,a de stationary whil e the nut ís b * P ° Wer ,awnm «wer 
Wr ench. If a force of * nUt,s bem 8 foosened with the 

' n ' the d ' r ect,on shown d eté m PP , ‘° ‘ he Wrench a t 5 

abom the nut at C. What L thé"' m ° ment i( ereat es 

50 that 11 crea tes the oppost mo gn ' tUde ° f f ° rCe F at 
pposite moment about C? 



(») (” + 3^, = jo 


sin60«(0.3) 


^ ~ 12.99 = 13.0 N- m 

(b) C +K =0; -12 99 . --12 

1499 + F(—)( 0 ,4) = o 

F = 35.2 N 
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4-22. Determine the moment of each of the three forces 
abou, point /l.Solve the problem first by usingeach force 
“ S Whole - princíple of mlen“ 


The momem irm measured perpendiculir to each force from pointA is 

d, = 2iin 60°= 1.732 m 
dj = Jsin 60° = 4.330 m 
4, =2sin 53.13°= 1.60 m 

Using each force where M A = Fd, we have 

í + =-250(1.732) 

= -433N m = 433N m ( Clockwise) Ans 

C + ( M r,) Á =-300(4.330) 

= -1299 N • m = 1.30 lcN • m ( Clockwise ) Ans 

( + ( M f,) á =-500(1.60) 

= -800 N • m = 800 N• m ( Clocívist ) Ans 

Using principle of moments, we have 

C + ( M r )„ = -250cos 30°(2) 

= —433 N • m = 433 N • m ( Cloekwi,t ) Ans 

C + ( M r,) A =-300sin60“(5) 

1299 N ■ m = 1.30kN ■ m ( Clockwise) Ans 

C + ( Mr ’) A =500 ^) 4 )-500^j(5) 

= -800 N ■ m = 800 N ■ m ( Clockwìt €) Ans 


FÎ'ZfOfi 






w h° bas a weight of “ ^ 1 " Sup f XJrts a girl 

<* 'he pole. If her center af ' ^ °" a ehair top 

maxtmum counterclockwise momenMh' 8 ^ 3nd if the 

the pole at A is 250 Ib ft, determine rh^ ma " 6Xert on 
of t'lt, 8, which wi|| not allow ,h max,mu m angle 

ooes not exceed 250 Ib ft. 


m'usfnot'CTj^^ 2 jo ft, n doctov ' se mo n'ent produced 

M a = 120( 16sin 8) s 250 

sin 9 £ 0.1302 



9 = 7.48° 


Ans 
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í' 24 : TO ! b Tn 0 H b r yS - P ^ h 0n the gate With forC « of 

_ " ° , b and F « - 50 !b as shown. Determine the 

moment of each force about C. Which way will the gate 

thicknessofthTga,e° r C ° Unterclockwisc? Neglect the 



Ç + =-30^j (9 ) 

= -1621b-ft= 1 62 Jb • ft ( Cloekwut ) 

( ^r ,) c “ 50(iin 60“) (6) 

* 260 lb ■ ft (Counttrclochmlst) 

Smcc ( l»r, ) c > ( U n ) Q , tbe gMe wfll rotue CouMtrclockwitt. 


“* 8 *“W 


In order to prrvem the guc from tuming, the 

“n' m ° mo,t * bout Poim C rntut be equl to «tx>. 

+ *f t ( *ZFd; =0 = 30stn60“(6)-/r^j(' 

fï * 28.9 Ib 
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4-26. The towline exerts a force of P = 4 kN at the end 
of the 20-m-!ong crane boom. If 6 = 30°, determine the 
placement x of the hook at A so that this force creates a 
maximum moment about point O. What is this moment? 


p = 4kN 



Maximum moment, OB ± BA 


C + (M 0 ) max = 4000(20)= 80 kN m 


4 Wsin60°(x) - 4K>1cos60°(1.5) = 80kN m 


4-27. The towline exerts a force of P = 4 kN at the end 
of the 20-m-long crane boom. If x = 25 m, determine the 
position 6 of the boom so that this force creates a 
maximum moment about point O. What is this moment? 



Maxlmum moment, OB 1 BA 


+(A# 0 )_„ « 4000(20) = 80 000 N m = 80.0 lcN m 
4000 sin^(25) - 4000 cos*(1.5) = 80 000 


25sin0 - 1.5 cos^ = 20 


tp = 56.43° 


6 = 90° - 56.43° = 33.6° 


Similar triangles 
20+y 25 + z 


20y + y = 25z + z 


20(/2.25 + z 2 ) + 2.25 +z = 25z + z 


y = 2.712 m 



-i 2 - 259 

9 = 005 W = 33 6 
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*4-28. Determine the direction 0 for 0“ < tì < 180° of 
the force F so that F produces (a) the maximum moment 
about point A and (b) the minimum moment about point 
A. Calcuiate the moment in each case. 



(a) ^ +« 4 = 400v'(3) 2 + (2) 2 = 1442 N • r 


M Á = 1.44 kN ■ m 


(?)=3.W 


0 = 90° - 33.69° = 56.3° 


(b) ^ +M a = 0 


1 (|) =33.69“ 


I) = 180" - 33.69" = 146” 


F^fOON F = 400 N 



3 m 


4-29. Determine the moment of the force F about point 
A as a function of 0. Plot the results of M (ordinate) 
versus S(abscissa) for 0° < 9 < 180°. 



Ç +M a = 400sintf(3) + 400cos#(2) 


= I200sinfl + 800cos« 


= 1200 cos it — 800 sin 0 = 0 
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of F = 120 ÍDetermme'the'To"' SUl ! jected to a f °rce 

Ihe neck at /t and at the stem 8™™' ° f f ° rCC about 


120 N 


Moment About Point A ■ Th 

“ d 1* n«k axis ls 20 ° - ,jo = ^ between *• of actìon of load 

í + K = !20sin 5°(0.04) 

= 0 418 N m (CounttrclocltHiise) 

Moment About Point B : The c 


Ans 


of sincs. 


Thcn. 


ídmens.on / can be detomined 

1 55 

sin 150° sin 10° Í58.4 mm = 0.1584 rr 


thc law 


,50^ 


... ^ 15 mm 


■. i 


AH 


5* 


'!5‘ 


/5C* 


+ M t =-!20sin !5°(0.1584) 

= -4.92 N ■ m = 4.92 n m (CI 


i,f ) Ans 


10 * 


*4-31, The crane can be adjusted for any angle 0“s8< 
90 and any extenston 0 s , s 5 m. For a suspended mass 
ot 120 kg, determme the moment developed at A as a 
unction of ,r and 8. What values ofbothxand Odevelop 
he maximum possible moment at A1 Compute this 
moment. Neglect the size of the pulley at B. 



( + = ~120(9.81)(7.5 + J: ) C o s 6 

-{-1177.2cos S(7.5+i)} N m 
= {1.18COS 9(7.5 +x)}kN. m ( clockwut ) Ans 

The maximum moment at A occurs when S = 0° and x = 5 m . Ans 

C + W x)».. = {-1177.2COS 0=(7.5 + 5)} N m 
=-14715 N m 

= 14.7kNm ( cloekwis.) Anj 
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*4-32. Determine tlie angle $ at which the 500-N force 
must act at A so that the moment of this force about point 
B is eqttal to zero. 


This problem retjiiires ihat tlie resultant moment abrrut point B be 
equal to zero. 

^ +M K = Y, Fd ; M k> = 0 = 500cos 0(0.3) ~ 500 sin 0(2) 


0 = 8.53' 


Ans 


Also note that if the line of action of the 5(K) N force passes thiough 
point B, it prtxluces zero rnoment about point B. Hence. trom the geometry 



4-33. Segments of drill pipe D for an oil well are tight- 
ened a prescnbed amount by using a set of tongs T. which 
grip the pipe, and a hydraulic cylinder (not shown) to 
regulate the force F applied to the tongs. This force acts 
along the cable which passes around the small puiley P. If 
the cable is originaily perpendicular to the tongs as shown, 
determine the magnitude of force F which must be appiied 
so that the moment about the pipe is M = 2000 Ib • ft. 
ln order to maintain this satne moment what magnitude 
of F is required when the tongs rotate 30° to the dashed 
position? Note: The angle DAP is not 90° in this position. 


This problem tequires that the moment prtxlueed by F and F' about 
the axis is 2000 lb ■ ft. 

M ; = 2000 = Fíl.5) 


F = 1333.3 ìb = 1.33 kip 


Àns 


F = F' cos . where 

, . /\.H - l.5cofi30 u \ 

í) = 30 +tan ^-—-j 


= 35.104 


1333.33 
cos 35.104^ 


1.63 kip 


Ans 
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4-34. Determine the moment of the force at ahom 
pomt O. Express the result as a Cartesian vector. 
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♦4-36. Determine the moment of the force F at A about 
point O. Express the result as a Cartesian vector. 



r A > = { - 1.5i + 6j + 2k> 
r tl = /(-1.5)» + 


H, = r M x F = 


i 

- 2 . 

.lA, 

6.5 ' 


M 0 = {-841 - 8j - 39k) 






^ y p|mc tas ^ rad . ns 

, “■ " * '°™ oí F - 80 N acis ai iis cnJ , s shown 
determine the moment of this force about point O. 




F =80N 


r Ac = {li - 3j - 2k> rn 

r Ac = = 37 


"o = r oc x F 


' ^ J *< 

—f (80) -rTiTtso) -_2- 2 (f 


M„ = {-128i + 128j - 257k> N m Ans 


4-39. The curved rod lies in the jt->> plane and has a radius 
of 3 m. If a force ot /- = 80 N acts at its end as shown, 
determine the moment of this force about point B. 



r *c = { II — 3j - 2k> rn 

r *c = /ôJFTlî^jr^rf 


2 > 2 « 3.742 m 


* =r, 4 *F= 3COS45’ (3-3sm45») q 

' — ( 80 ) -^( 80 , -J_ (80) 

M, - {-37.61 + 90 .7j-i55k> N . m 
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4-41. The curved rod has a radius of 5 ft. If a force of 
60 lb acts at its end as shown, determine the moment of 
this force about point C. 



Position Vector and Force Vector: 

r CA = {(5sín 60°-0)j + (5cos 60“ -5) k) m 
= {4.330j-2.50k) m 


tr -tJ +(7—Jsin 60°)j+(0-5cos 60°)k 

AB w e lb 


^y(6-0) 2 + (7-5sin 60°) 2 + (0- 5cos 60°) 2 J 
= {51.231i + 22.797j-21.346k} Ib 

Moment of Force F,, About Point C : Applying Eq.4-7, wehave 


M c = r c , xF„ 
j 

= 0 4. 

51.231 22 


j k 

.330 -2.50 

:.797 -21.346 


= {-35.41-128j-222k) lb ft 



4-43. Determine the smallest force Fthat must be applied 
along the rope ìn order to cause the curved rod, which has 
a radius of 5 ft, to fail at the support C. This requires a 
moment of M = 80 Ib • ft to be developed at C. 


r CA = {4.3301J - 2.5k> ft 



F,, = F..I- = + C 7 — 5sin60°)j - 5cos60°k 


tV(6)s + (7-5sin60°) 2 + (-Jcos60”) 2 

= f ab (0.85381 + 0.3799j - 0.3558k) 

M c = r CA x F„, 

| * j k | 

M c = fû, 0 4.3301 -2.5 

10.8538 0.3799 -0.35581 

M c = (-0.59091 + 2.135j - 3.697k) 

M c = F At /(- 0.5909)2 + (2.135) 3 + (-3.697) 2 

80 = F a , (4.310) 


F ab = = 18.5618 Ib 


F ab = 18.6 lb 
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t* Û B 0f the 1 ' m ' t *' amet er hatch door exerts a 
force of 450 N on po.nt B. Determine the moment of this 
force about point O. 


z 


y 



Potition Vtclor And Forct Vtctor : 


r 0 t = {(0-0)i + (lcos30°-0)j + (lsín30°-0)k} m 
= (0.8660j + 0.5k) m 


r OB = {(0.5sin 30°-0)i + (0.5 + 0.5cos 30°-0)j + (0-0)k} m 
= {0.250i+0.9330j} m 

(0-0.5sin 30°)i + [ lcos 30° - (0.5 + 0.5cos 30“))j + (lsin 30°-0)k 
y^(0-0.5sin 30°) 2 + [ lcos 30° -(0.5 + 0.5cos 30°)) 2 + (lsìn 30°-0) 2 
= {-199.82i -53.54j + 399.63k} N 

Moment of Force F About Poínt O : Applying Eq.4-7, we have 

M 0 = r 0 , x F 

> j k 

= 0 0.8660 0.5 

-199.82 -53.54 399.63 

= {373i-99.9j+173k} N m Ans 


Mo = r ÛA x F 

• j k 

= 0.250 0.9330 0 

-199.82 -53.54 399.63 

= {373i-99.9J+ I73k> N m 


T 


4 - 47 . Using Cartesian vector analysis, determine the 
resuìtant moment of the three forces about the base of 
the column at <4.Take F] = {400i + 300j + 120k} N. 



(K), 


(M A >2 


I ‘ i 

0 0 

1400 300 

I I j 

o 0 

1100 -100 



= {-3.61 + 4.8j> kN m 


= {1.2i + 1.2J) kN m 


(K), 


i j 

0 -1 
0 0 



{0.51} kN-ra 


m ai - -3.6 + 1.2 + 0.5 = 


F 3 = ( -500k)N 


- 1.90 kN m 
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*4-48. A force of F = {6i - 2j + lk} kN produces a 
moment of M 0 = {4i + 5j - 14k} kN-m about the 
origin of coordinates, point O. If the force acts at a point 
having an ,v coordinate of x = 1 m. determine the v and 
z coordinates. 





M 0 = r x F 


+5J -14k = 


1 J k| 


y z \ 
6 -2 ll 


4 = y + 2z 

5 = — 1 + 

- 14 = -2—6 y 
y - 2 m Ans 


4-49. The force F = {6i + 8j + 10k} N creates a 
momentaboutpointOofM 0 = {— 14i + 8j + 2k}N-m. 
If the force passes through a point having an x coordinate 
of 1 m. determine the y and z coordinates of the point. Also, 
realizing that M 0 = Fd, determine the perpendicular 
distance d from point O to the line of action of F. 


i + 8j + 2k = j! ! rj 
16 8 101 


- 14 = lOy - 
8 = - 10 + 

2 = 8 - 6 y 





M ° ~ /ÔÎ4)îT(8pT(2p = I625 N m 

F = S(Ô r +~(S) r +(W)* = 14,14 N 

. = 16.25 

14 14 = 115 m 
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*4-52. Determine the moment of the force F about the 
aa axis. Express the result as a Cartesian vector. 



Position Vtctor: 

r = {(-2-0)i + (3-0)j + (2-0)k} m = (-2i + 3J + 2k} m 

Vnit Vtctor Along a-a Axis : 

(4-0)i + (4—Q) j 


_== = 0.707. i + 0 707, j 

F Abo 
havc 

s «*i (r x F) 


applymg ‘‘ With F = (30i + ■40j + 20k) N, 


10.7071 0.7071 01 

= -2 3 2 

I 30 40 201 

- 0.7071(3(20) - 40(2)] -0.7071 [(-2) (20) - 30(2)] + 0 

- 56.6 N m 

Ans 





F 2 - (**} lb 

r i = (48in30° - 0)1 + (4cos 30°- 0)j + (6 - 0)k 
= {2i + 3.464j+6k} ft 
r 2 =(-5sin30°)j={_2.jj} ft 

M * =r, xF, +r 2 xF 2 

"l-i 3 r 

-{-169.044i-353.138j + 218.560k} Ib-ft 

“o. = cos 30°i - sin 30°j = 0.8660Ì - 0.5j 

^°. = u 0a .M, =(0.8660.-0.5j). ( - 169 . 044I _3 J3 . 138 j + 21 8.560k, 

= (0.8660,(-169.044)+ (-o.5)(-353.l38)+ 0(218.560) 

= 30.173 Ib ft 

<M ')°“ = uO, = 30.173(0.86601- - 0.5j) 

= {26.1i - 15.1j}l b - ft Ans 
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*4-52. Detennine the moment of the force F about the 
aa axis. Express the result as a Cartesian vector. 

Position Vector: 


F = (301 + 40j + 20k}N 


r = ((-2 - 0)i + (3 - 0)j 4- (2 - 0)k}m = {—21 + 3j -f 2k} m 
Unit Vector Along a — a Axis: 

(4 - 0)i 4- (4 - 0)j 

u<ífl = ^./. - 0.70711 4- 0.7071j 

v ; (4 - 0)- 4- (4 - 0)2 

Moment of Force F About a —a Axis: With F = {301 4- 40j 4- 20k} 
N, îipplying Eq. 4-11, we have 

M a „ = u oa • (r x F) 


,3m 2m 


-4 m- \ 


0.7071 0.7071 0 

= -2 3 2 

30 40 20 

= 0.7071(3(20) -40(2)J -0.7071|{-2)(20) - 30(2)J 4-0 
= 56.6 N • m Ans 
M h „ = M, u , u„„ 

= 56.57(0.707 !i 4-0.707 Ij) 

= (40i 4- 40j)N • m Ans 


4-53. Detennine the resultant moment of the two forces 
about the Oa axìs. Express the result as a Cartesian vector. 

Fi = 80(cos 120°i 4- cos 60°j 4- cos 45°k) = {—40i 4- 40j 4- 56.569k} Ib 
F 2 = {50k} lb 

ri = (4 sin 30° - 0)i 4- (4 cos 30° - 0)j 4- (6 - 0)k 
= {2i 4- 3.464j 4- 6k} ft 
r 2 = (—5sin30°)j = {-2.5j} ft 
M/e = r, xF| 4 r 2 x F 2 

> j k 

= 2 3.464 6 4- (-2.5j) x (50k) 

-40 40 56.569 


F 2 = 50 Ib 


F| = 80 Ib 




= (3.464(56.569) ~ 40(6) |i - 12(56.569) - (—40)(6)lj 4-12(40) - (-40)(3.464)}k - 125i 
= {—169.044Ì - 353.138j 4- 2I8.560k} Ib ft 

u o,i — cos30°i — sin 30'j = 0.8660Í — 0.5j 
{M r ) 0 „ = Moo M R = (0.8660Ì - 0.5j) • (-169.044Ì - 353.138j 4- 218.560k> 

= (0.8660)(-169.044) 4- (-0.5)(-353.138) 4- 0(218.560) 

= 30.173 Ib • ft 


(M*)<;„ = (M r )o (I Uo<' = 30.173(0.8660i - 0.5j) 


= {26. li - 15.1j}lb ■ ft 
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4-54. Determine the magnitude of the moment of each 
of the three forces about the axis AB. Solve the problem 
(a) using a Cartesian vector approach and (b) using a 
scalar approach. 


r 2 = 85 N 


F | = 60 N 


F, = 45 N 


«) Vtctor Analytis 

Posilion Voctor and Force Vector: 

r i = í-l.Sj} m r 2 = r, = 0 

F, ={-60k)N Fj = {85i} N F, = {45j} N 

Vnit Vector Along AB Axis : 


(2-0)i + (0- 1.5) j 

u^j = ■=—=- = 0.8i -0.6j 

V(2-0) ! + (0-I.5) ! 


=a A , (r, x F,) 


0.8 - 0.6 0 

= 0 - 1.5 0 

0 0 -60 


= 0.8 [(-1.5) (-60) -0) -0 + 0 = 72.0 N ■ m Ans 


=a A , '(r 2 x F 2 ) 


0.8 - 0.6 

= 0 0 

85 0 


(Af*a), =a„ (r, x F,) 


0.8 - 0.6 

0 0 

0 45 


b) Scalar A nalj tit : Since moraent arm from force F 2 and F, ú cqual to 
zcro, Hence 

Wtj)j * (Afjj), * 0 Ans 

Momentarm d from force F, to axis AB ad= I.5sin 53.13° = 1.20m. 
Hence 



Moment of Each Force About AB Axit : Applying Eq.4- 11, we 
have 


/^i\l 5 + 

*jd. 


(Aíj,), = F t drn 60(1.20) =72.0N m 
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4-55. The chain AB exerts a force of 20 Ib on the door 
at B. Determine the magnitude of the moment of this 
force along the hinged axis ,v of the door. 


f = 20 Ib 
B 



' - 2 ft-= 


Potition Vtetor and Force Vector: 

Or 

Tq* ={(3-0)i + (4-0)k} ft= {3i + 4k} fl 
r 0 , ={( 0 - 0 )i + (3cos20°-0)j + (3sin20°-0)k} ft 
= {2.8191J+ 1.0261k} ft 

( (3-0)i + (0-3cos 20°)j + (4-3sin 20°) k ì 
F = 20 -1=—============== “> 

^O_0)* + (0-3cos20“) 2 + (4-3sin 20°) 2 

= {11.8141 — 11.102J+ 11.712k} lb 

Moment of Force F About x Axis : The unit vector along the^ «xis is 
i. Applying Eq.4- 11, wehave 


= 1(0(11.712)-(-11.102) (4)] -0+0 
= 44.4 lb • ft 


M t = i • (r pg x F) 

1 0 0 

= 0 2.8191 1.0261 

11.814 -11.102 11.712 

= 1(2.8191(11.712)-(-11.102) (1.0261)]-0+0 

= 44.4 Ib • ft 


M a = i • (r^ x F) 
1 

= 3 

11.814 


0 0 

0 4 

11.102 11.7121 
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•4-56. The force of F = 30 N acts on the bracket as 
shown. Determine the moment of the force about the 
a-a axis of the pipe. Also, determine the coordinate 
direction angles of F in order to produce the maximum 
moment about the a-a axis. What is this moment? 



r « 10 (co» 60° I co$ 60° J + cos 45° k) 


• (151 + 13J + 21.21 k) N 
r = (-0.11 + 0.13k) m 

a = J 4 



= 0.8321 1 + 0.5547 k 
a= cos' 1 0.8321 = 33.7” Ans 
P = coi' 1 0 = 90° Ani 
r= COJ-' 0.5547 = 56.3° An» 


M = 30(0.1803) = 5.41 N- m 


Ah 




4v5&.uiâiBn 1 gt(niiaiat.fetàg§flc*e3 rathe exerts a force F on 
the shaft in the direction shown. Determine the moment 
of this force about the y axis of the shaft. 


M , = u, • (r x F) 



F = { 6 i — 4j — 7k)kN 


4-58. The hood of the automobile is supported by the 
strut AB, which exerts a force of F = 24 lb on the hood. 
Determine the moment of this force about the hinged axis y. 
r = { 41} m 


J _ -2‘ + 2j + 4k 


/(-2) 2 + (2)2 + (4)^ 


{-9.80Î + 9.80j + 19.60k) lb 


í ;i 

9.80 19.6ol 


M, = { -78.4j} lb ft 


0 1 
- 0.03cos40° 0 


0 0.03sin40° 

-4 -7 


My 276.51 N-mm = 0.277 N-n 




£ ' hC magni,ude of the m °ments ofthe 

orce F about the jr, y, and 2 axes. Solve the problem 

LZzxsr- ib> > 

®) Vtctor Analysis 
Position Vector : 

r +» ={(4-0)i + (3-0)j + (-2-0)k} ft={4J + 3J-2k} ft 

Momem of Force F About x, y and z Axes : The unit vectors along 
x. y and z axes are i, j and k respecuvely. Applying Eq.4- 11 , we have 

M . =■ (rsa x F) 

1 0 0 

= 4 3 -2 

4 12 -3 

= 1 f 3(—3) (12)(—2) J -0 + 0 = 15.0 ib • ft Ans 

M , = J' ( r sa x F) 

0 1 0 

= 4 3 -2 

4 12 -3 

= 0- 1 (4(-3) -(4) (-2)] +0 = 4.00 lb • ft Ana 


K =Mras X F) 

0 0 1 

= 4 3 -: 

4 12 -: 



F = {4i+ 12j - 3k}Ib 


=-0-Q+lL4.( 121-4 (3)1 = 36.0 lh ■ ft 


h) S calar A naiy s is 

M ,=IM, -, K = 12 ( 2 ) - 3 (3) = 15.0 ib -ft Anj 

M > slM y My =-4(2) + 3(4) = 4.00 lb ft Ans 

M t =ZM .'- K =-4(3) + 12(4) = 36.0 IbJ) Ans 
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*4-60. Determine the moment of the foree F a h . 


Potition Vector : 


r c » = í- 2 k} ft 

r »» = {(4—0)i + (3 — 0)j + (—2 — 0)k> ft= {4» + 3j-2k} ft 


Vnit Vector Along AC Axis . 


(4 - 0) j + (3-Q)j 

V(4-0 ) 2 + (3-0 ) 2 


= 0.8i + 0.6j 


Moment of Force F About AC Axis : With F = {4i + I2j -3k> Ib 
applying Hq.4-11, we have 

^c^UHc frc, x F) 

0.8 0.6 0 

= 0 0 -2 

4 12 -3 

= 0.8[(0)(—3) - 12(—2)j — 0.6[0(—3) — 4( —2)J +0 
= 14.4 lb ft 


M ec =ti ÁC -{r ÁB x F) 


|°8 0.6 0 | V 

= 4 3 _ 2 H F= (4 

= 0 8[(3) (-3) _ 12(-2)) - 0 . 6 [ 4 ( - 3 ) _ 4 (_ 2) j + 0 
= 14.4 Ib ft 


F=(4i+ ! 2 j - 3k)lb 


Expressing M, c a» a Cartesun vector yields 

M »c =A(,c“»c 

= 14.4(0.81 + 0.6j) 

= (11.51 + 8.64j) | b f, 


4-61. The lug and box wrenches are used in 
combination to remove the lug nut from the wheel hub 
'f 'he apphed force on the end of the box wrench is F = 
(4i 12j + 2k) N, determine the magnitude of the 

moment of this force about the x axis which is effective 
in unscrewing the lug nut. 



.t ^ 75 mm 


Potition Vector and Farce Vector: 

r = {(0.075 - 0)j + (0.3-0)k) m = {0.075j +0.3k) m 

îl F Z C ‘ FAhoU ‘* Axis : The unit venor along x axis is i. 
tth F - {4i 12j + 2k) N, applytng Eq.4- 11, we have 

K =i (r x F) 


1 0 0 

= o 0.075 0.3 

4 -12 2 

= 1 (0.075(2)-(-12)(0.3)J-0 + 0 

= 3.75 N ra 
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4-62. A 70-lb force acts vertically on the “Z" bracket. 
Determine the magnitude of the moment of this force 
about the bolt axis (; axis). 



Position Vector And Force Vector: 

r CM = f(-6-0)i + (6-0)j} in. = {—6i +6j} in. 

F = 70(sín 15°i-cos 15°k) lb = {18.117i -67.615k) Ib 
Moment of Force F About z Axis : The uml veclor along z axis is k. 

ApplyingEq.4-ll,wehave 

K= k ('o* X F) 

0 0 1 

= -6 6 0 

18.117 0 -67.615 

= 0-0+1[(-6)(0)-(6)(18.117)] 

= -109 Ib in 

Negative sign indicates thalM.es directed toward negabve • axis 
Mj = 109 Ib in 



4-64. The flex-headed ratchet wrench is subjected to a 
force of P = 16 Ib, applied perpendicular to the handle 
as shown. Determine the moment or torque this imparts 
along the vertical axis of the bolt at A. 


M = 16(0.75 + 10sin60°) 


M = 151 lb-in. Ans 
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*4-68. Determine the magnitude of the horizontal force 
f = — /^i acting on the handle of the wrench so that this 
force produces a component of moment along the OA axis 
(z axis) of the pipe assembly of M. = {4k)N • m. Both 
the wrench and the pipe assembly, OARC. lie in the v-z 
plane. Suggestion: Use a scaiar analysis. 


M z = f(0.8 + 0.2)cos45” = 4 
F = 5.66 N Ans 



4-69. Determine the magnitude and sense of the couple 
moment. 


About point A, 

+M C = 5cos30”(2.5H-5sin30°(3) 

Mc = 18.3 kN ■ m ^ Ans 



4-70. Detennine the magnitude and sense of the coupie 
moment. Each force has a magnitude of F = 65 Ib. 


-jL _ 


“T 

2 11 

i 

M 

1.5 tt 

4ft 

1 

0 


+M C = T.M b \ M, = 65 (6 + 2) + 65 j (4 + 2) 

= 650 Ib • ft (Counterclockwixe) Ans 


4-71. Determine the magnitude and sense of the couple 
moment. Each force has a magnitude of F = 8 kN. 

JÇ +M, = em 8 ; m c = (5 + 4)- gQj (3+1) 

= 17.6 kN • m (Counterclockwise) Ans 
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4-73. A tvvist of 4 N • m is applied to the handle of the 
screvvdriver. Resolve this couple moment into a pair of 
couple forces F exerted on the handle and P exerted on 
the blade. 



For the handle 


M C = ZM,; F( 0.03) = 4 


For the blade. 


M c = Y.M,; P(0.005)=4 


4-74. The resultant couple moment created by the two 
couples acting on the disk is Mr = { I Ok}kip • in. Deter- 
mine the magnitude of force T. 



M h = ZM,; I0 = r(9) + rt2) 


r = 0.909 kip 
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4-75. A device called a rolamite is used in various ways 
to replace slipping motion with rolling motion. If the belt, 
which wraps bctween the rollers, is subjected to a tension 
of 15 N, determine the reactive forces N of the top and 
bottom plates on the rollers so that the resultant couple 
acting on the rollers is equal to zero. 



^ 'm 



Ç +ZM * - 0 • 15(50 +50sin 30°)-AT(SOcos 30°) = 0 


N = 26.0 N 


4-76. The caster wheel is subjected to the two couples. 
Determine the forces F that the bearings create on the 
shaft so that the resultant couple moment on the caster 




^+ XM a =0; 500( 50) - F(40) = 0 
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4-77. When the engine of the plane is running, the 
vertical reaction that the ground exerts on the wheel at A 
is measured as 650 Ih. When the engine is turned off, 
however, the vertical reactions at A and B are 575 Ib each. 
The difference in readings at A is caused by a couple acting 
on the propeller when the engine is running. This couple 
tends to overturn the plane counterclockwise, which is 
opposite to the propeller's clockwise rotation. Determine 
the magnitude of this couple and the magnitude of the 
reaction force exerted at B when the engine is running. 



When the engine of the plane ls tumed on, the resulting couple moment 
exerts an additional force of T= 650- 575 = 75.0 lb on wheel A and 
a lesser the rcactive force on wheel B of F= 75.0 lb as welL Hence, 

M = 75.0(12) =900 lb-ft Ans 

The reachve force at wheei B is 


4-78. Two couples act on the beam. Determine the 
magnitude of F so that the resultant couple moment is 
450 lb ■ ft, counterclockwise. Where on the beam does the 
resultant couple moment act? 


R, =575-75.0= 500 lb 


i. + M„=ÎM, 450 = 200CU) + Fcoì30»(1.2J) 


F= 139 Ib 


The rc,UlU, “ C0u P le mo ““‘ * 0« vector. I, can act a. any poin, onhe beam. 
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4-79. Express the moment of the coupie acting on the 
pipe assembly in Cartesian vector form. Solve the 
problem (a) using Eq. 4-13, and (b) summing the moment 
of each force about point O. Take F = (25k) N. 



(a) H: = r ÁI x (25k) 


1 J k 

-0.35 -0.2 o 
0 0 25 


<b) 


Mc = { 5i + 8.75J) N m t 

Mc =r o«x (25k) + r 0A x (-25k) 


I' J 

0.3 0.2 

I 0 0 


I 

0.65 

0 


ì k 

0.4 0 

0 -25 


Mc (5 10)1 + (-7.j + 16.25)J 

Mc = í-5i + 8.75J} N m A 


*4-80. íf the coupie moment acting on the oÌDe ha* ■ 
magmtude of 400 N • m, determine the magnitudl Fof th^ 
vertical force applied to each wrench g 



(a) M c = r t , x (fk) 

I ‘ 1 “I 

= (-0.35 -0.2 0 
10 0 fl 

Mc = (-0.271 + 0.357J} N m 

**c = /i-ÔÎFjî + (0.357)2 = 400 
400 

^ = ^F+ (0.37)1 = 992 N Al 
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4-81. The ends of the triangular plate are subjected to 
three couples. Determine the plate dimension d so that 
the resultant couple is 350 N*m c!ockwise. 


100 N 



600 N 


600 N 


C+ M, =IM Á ■ 


- 350 = 200(dcos 30°) - 600 (dsm 30°) - lOOd' 


— 1.54 rr » 


Ans 


fh * W ° ^ ou P les ae t on the beam as shown. Determi 

«i e T' °' F s ,° ,h “' ,he 

S 300 Ib-ft counterclockw.se. Where on the beam dr 
the resultant couple act? d 



1 +(Mc) * = Ì F(4) + - 200(1.5) = 300 


F = 167 lb 

Rraulum couple can act ai.ywhc rc . 


Ans 

Ans 


4-83. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 80-lb couple forces. 


v 



(_ + Af c = -50 co330°(3) + ^(80)(d) = 0 
d = 2.03 ft Ans 
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4-87. Determine the couple moment. Express the result 
as a Cartesian vector. Each force has a maenitude of F - 
120 Ib. 


PoiUion Vactor and Forct Voelor: 


Ua =((-3-2)i + [6-(-2)]j+(3-3)k} ft 
= {-5I + 8J} ft 


F 


[3-(-3)]H -(4-6)j-K0-3)k 'l 

lv'[3-(-3)]*4-(4-6)î-t-(0-3)ï J 

(102.861 -34.26j-51.43k) lb 


Couplt Momtnl: Applying Eq.4- 15, we h»ve 


Mc = 'tA x F 

> j k 

= -5 8 0 

102.86 -34.26 -51.43 

= {-411l-257j-651k) Ib ft 


Ans 


c«p,c . nd „ „„ rdi „ e ,,“ti “ m 


-IM,, (Aí,); = 35 + 50 = 85.0N m 

(«,),= 2M,; (M,) y =30+10 = 40.0N m 

The magmtude of ihe resultani couple moment ij 

M ’ =Vw,)]+(«,), 2 

= /ss.o^+ao.o 2 

= 93.941 N m = 93.9 N • ra 
The çoordinale direction angfes are 


[<«»),' 

_ i 

1 ( 85.0 ■ 


Ans 

M* 

-cos 

V93.941, 

| = 25.2° 


-1 

í 40.0 > 




= cos 

1 93.941, 

| = 64.8° 

Ans 

r (",).i 

-I 

í ° ì 




= cos 

193.941 J 

= 90.0° 

Ans 
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4-89. The main beam along the wing of an airplane is 
swept back at an angle of 25°. From load calculations it 
is determined that the beam is subjected to couple 
moments M x = 17 kip-ft and M y = 25 kip ft. Determine 
the resultant couple moments created about the x' and 
y' axes. The axes all lie in the same horizontal plane. 


= !7cos 25°-25sin23* 
= 4.84 lcip ft 

(M, K- = Ui , -- (M,) y = 17sin 25° + 25cos 25° 

= 29.8 Idp fi 



4-90. If F = {100k} N, determine the couple moment 
that acts on the assembly. Express the result as a Cartesian 
vector. Member BA lies in the x-y plane. 


* = “»“'( 5 ) - 30» = 3.69» 

r, = {“360.6 sin3.69°i + 360.6 cos3.69°J} 
= {-23.211 + 359.8J} mm 

6 = + 30 ° = 53.96° 

r, = {492.4 sinJ3.96°l + 492.4 cos53.96°J} 

" < m - 21 + 289.7J} mm 


Mc = (r, - r 2 ) x F 



= -421.4 701 
0 0 


Mc = {7.011 + 42.1J) N m 


UO 0 I 
0 1001 



H * 
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4-91. If the magnitude of the resultant coupie moment 
is 15 N- m, determine the magnitude F of the forces 

applied to the wrenches. « = tarf'(5) - 30" = 3.69“ 

r, = {-360.6 sin3.69“l + 360.6 cos3.69“j) 



= {-23.211 + 359.8J} mm 


6 = ) + 30“ = 53.96“ 

4.5 


r 2 = {492.4 sin53.96°i + 492.4 cos53.96°j} 
= {398.21 + 289.7J} mra 
M c = (r t - r 2 ) x F 


i 


J k| 

3.10 0 

o A 


-421.4 70. 
0 


M c = {0.07/1 + 0.42lf]} N-ra 
M c = /(0.07 F) 2 + (0.42 ÌF) 2 = 15 
15 


F = 


^(0.07)2 + (0.421)2 
Aíso, align y' axis along BA. 


= 35.1 N 


Ans 


Mc = -F(0.15)r - /{OA)}' 
15 = Aí(0.15))î + (HM)) 1 
F = 35.1 N Ans 


4-92. The gear reducer is subjected to the couple 
moments shown. Determine the resultant couple moment 
and specify its magnitude and coordinate direction angles. 


Expresx Eaeh Couplc Moment as a Cartesian Vector ; 

M, ={50j} N m 


M, = 60(cos 30“i + sin 30“k) N • m = {51.961 + 30.0k} N m 

Resultant Couple Moment: 

M, = ZM; M„ = M, + M^ 

= {51.961 + 50.0j + 30.0k} N ■ m 



Thc magnitude of the resultant couple raoment is 

M, = V51.962 + 50.02 + 30.0 2 

= 78.102 N • m = 78.1 N - m Ans 

The coordmaie direction angles arc 


o = cos'' 

f 51.96 > 

V78.102, 

J = 48.3“ 

Ans 

ÍS = cos”' 

í 50 0 1 

\78. 102 j 

| = 50.2“ 

Ans 

r = cos' 1 

( 30.0 > 

| = 67.4“ 

Ans 

178.102; 
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4-93. The gear reducer is subject to the couple moments 
shown. Determine the resultant couple moment and 
specify its magnitude and coordinate direction angles. 


Exprtss Each : 

M, = {60i > lb-ft 

M 2 = 80(-<os 30°sin 45“i -cos 30°cos 45°j- sin 30°lt) lb ft 
= {-48.99Í -48.99j -40.0k} Ib ft 

Resultant Couple Moment: 

M, = IM; M, = M, + M 2 

= {(60 - 48.99) i-48.99j-40.0k} Ib ft 
= {Il.Oli-48.99j-40.0k} lb-ft 
= {1 l.Oi -49.0j-40.0k} lb- ft Ans 

Thc magnmjde of thc resultam couple momcnt is 

M, = ■Ju.Ol 2 + (- 48 . 99) 2 + (- 40 . 0) 2 

= 64.20 lb ft= 64.2 !b ft Ans 

Thc coordinate direction angles arc 

.,/'11.013 

a = cos - =80.1° Ans 

V64.20; 

. r-48.99\ 

í=cos fecrj =,40 ° Ans 

-i ( “^O.O'x 

r = C ° S Í6Ï2ôJ =129 ° A, “ 


M, = 60 ib-ft 



M 2 = 80 lb-ft 


4-94. The meshed gears are subjected to the couple 
moments shown. Determine the magnitude of the 
resultant couple moment and specify its coordinate 
direction angles. 


M, ={50k) N ■ m 

M, = 20(-cos 20°sin 30°i - cos 20°cos 30°j + sin 20°k) N • ra 
= {-9.397Ì - 16.276j + 6.840k} N m 

Resultant Couple Moment: 

M„ =IM; M, =M,+Mj 

= {-9.3971- 16.276j + (50+6.840)k} N m 
= {-9.397Ì- 16.276j + 56.840k} N m 

The magnitude of the resullant couplc moment is 


x; 2 ' 

20 ° 1 
>0 


M 2 = 20 N • rn 


= V'(-9.397) 2 + (— 16.276) 2 -t/56.84 
= 59.867 N • ra = 59.9 N m 


The coordinate direction angles are 


a = cos -1 

(- 9391 \ 

1 _ rv) rto 

A __ 


I59.867J 

AIIS 

p = cos' 1 

r-16.276\ 

1 59.867 J = 106 ° 

Ans 

y — COs” 1 

/"56.8403 

1 — lfl 

A na 


159.867J 18 ’ 3 

AI» 
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4-95. A couple acts on each of the handles of the 
mimdual valve. Determine the magnitude and coordinate 
direction angles of the resultant couple moment. 


K = -35(0.35) - 25(0.35)cos60» = -16.625 
M y = - 25(0.35)sín60° = -7.5777 N m 



l*h = /(-16.625)2 + (-7.5777 ŷ = 18.2705 = 18.3 N m 


„ -.-16.625 

“ = COS (-) - 1550 

18.2705 


a -1-7.5777 

p = COS (-) = 115= 

18.2705 ’ 


V = cos (-) _ 900 

18.2705 


♦4-96. Determine the resultant couple moment of the 
two couples that act on the pipe assembly. The distance 
from A to fì is d = 400 mm. Express the result as a 
Cartesian vector. 

Vtclor Analysis 
Position Vector : 

r AS = {(0.35-0.35)1 + (-0.4cos 30 <, -0)j + (0.4sin 30“-0)k} m 
= {-0.3464j+0.20k} m 

Couple Moments : With F, = {35k} N and F, = {-50i} N, applying 
Eq.4- 15, we have 

(Mc), =r s ,xF, 

I' j k I 

= 0 -0.3464 0.2ffl = {-12.121} N-m 


< M c) 2 =r„xFj 


k 

0.20 = {-10.0j- 

0 


17.32k} N ■ m 



Resullant Couple Moment : 

M, =ZM; M, = (M c ), +(Mc)j 

= {-12.1i - lO.Oj- 17.3k} N ■ m 


Scalar Analysis : Summing moments aboutx, y and z axes, we have 

(«,), =ÏAf x ; (*/,), = -35(0.4eos 30°) = —12.12 N ■ m 

(Aí,), (M„) r =-50(0.4sin 30°) = -10.0 N • m 

(M,), =1A^ ; (*/,), =-50(0.4cos 30°) =-17.32 N m 


Express M, as a Cartesian vector, we have 


M, = {—12.li - lO.Oj- 17.3k} N• 
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4-100. Repiitce the torce and couple moment system by 
an equivalent force and coupie moment acting at point O. 


-!vF„ = IF,: F„_ = -60cos30° = -51.% N = 51.96 N 


+ t Fr = S F,: F s = -60sin30° - 140 


= -170.0 N = 170,0 N | 



Fr = Jf~ + F* = v'51.%’ + 170.0- = 178 N 


s=um 'O = 73 0 “ Ans 

í" +M S „ = EM„; Mr„ = -60sin30'(8) +40+ 140(3) 

= 220 N • m { Counterclockwise ) Ans 


4-101. Replace the force and couple motnent system by 
an equivalent force and couple moment acting at point P. 


4f„. = EF,; Fr : = -60cos30” = -51.96 N = 51.96 N • 


+ f F k = EF V ; F„ = -60sin30° - 140 


= -170.0 N = 170.0 N 4 


Fr = Jf\ + Fì = v'51.96 2 + 170.0 2 = 178 N 


-fê)—(fS)-"*' 


+Mh, = TMp\ M Ki> = 60sin30°(I2 - 8) + 60cos30°(81 


+ 40+ J40(3+ 12) 


= 2676 N • m 


: 2.68 kN • m ( Counterclockwise) Ans 
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4-102. Replace the force system by an equivalent force 
and couple moment at point O. 



4-103. Replace the force system by an equivalent force 
and couple moment at point P. 



-**”-*■- 4,- 260(1) _ 4 30. 


= - 272.39 lb 

+ rx *’-* r >-' r',=2<*K$- 430cm60 ' 


F ' = = 274 lb Aqs 


1 = tm "[à y= 5 - 24 ° 


Ans 


{ + M 0 = U1 0 - M 


430 cos60°f2) + 430 sin60®(8) + 260(1 2 )( 


M o = 4609 Ib ft = 4 . 


25,,= 260 ( 1 ) _ 


yj) ~ 430 sin60° 


= -272.39 lb 

+ tai, -oj; 2>, = 260(1) - 4 


yy) - 430 cos60° 


^ /r 2/2.39)2 + (25)2 = 274 Ib Ans 


‘"[ïls] = « 


^ + "' = = 430 8m60 * (U > ^ 260(I 2 )(7) - 260(1)( 3 ) 

= 5.48 Idp-ft ") Ans 
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*4-104. Replace the force and couple system by an equiv- 
alent force and couple moment acting at point O. 


Note ihut the 6 kN pair of forces form a couple. 


= Y. F x ; F r . = 5 cos45° = 3.536 kN 

>< 

6kN 6 

^\3m 

A 


6kN 

= £ F y ; F*. = -5 sin 45° - 2 

0 

„_ A S m_ * 


\ 

_ __ J 

■ H..1 lll 

^ / m ^ 

\ 


= -5.536 kN = 5.536 kN \ 


/■„ = jFl+Fl = v / 3.536 2 + 5.536 J = 6.57 kN j 

and 

i /F* \ . /5.536\ 

0 — tan ( — j = tan ( --) = 57.4 i 

V Ffi : ) V3.536 ) 

+ M K „ = E M„: Mk„ = 6(3) + 2(4.5) - 5sin45°(2) 

= 19.9 kN • m ( Counterclockwise ) Ans 


4-105. Replace the force ;md couple system by an equiv- 
alent force and couple moment acting at point P. 


Note that the 6 kN pair of forces form a couple. 

4- F# = r F,: F R = 5cos45‘ = 3.536 kN 
+ t F K . = TF,: /„ = -5sin45° - 2 

= -5.536 kN = 5.536 kN i 

I'hus, 

Fg = J /'j + F' K = v 3.536 2 + 5.S36 2 = 6.57 kN 
and 

" = ,an '(^) = tan '( bÌ) = 57 - 4 " ^ 

^ +M K: . = YM,.: M„, = 6(3) + 2(4.5 + 2) - 5(0) 

= 3l.0kNm ( Counterclockwise ) 


\ 

6kN 60° 

6kN 

1_ 0 

4.5 m-- 


2kN 

X 

5 kN 
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4-106. Replace the force and couple system by an 
equivalent force and couple moment at point O. 



~> LF t, = XÇ; 


= «(jj)- 4cos60° 
= 0.30769 kN 




= 2.0744 kN 

F > = /<ÔlÒ769)nr(B744)î = 2.10 kN 


1 = tmrfjgmi 


2.0744 ' 

30769J = 81 - 6 ° 


(■ +4r 0 = L3/ o; 


= 8 - «(~)(4) + 6( 1 


' 13 , '~ r ' T °^ 13 ^® ~ 4 cos60°(4) 
M ° = ~ 10.62 kN-oí = io. 6 kN m; 


Ans 


4-107. Replace the force and couple system by an 
equivalent force and couple moment at point P. 



= Ej? • r _ . 5 

* ’ ** ^13^ ~ 4 cosôO 0 


= 0.30769 lcN 


+ t£K. = 


*' ~ = «(—) - 4sin60° 


9= un-ri£fl]_ 8 , 60 . 

L 0.30769J - 81 6 


t +"" = «, = 8 - 6(~)(7) + 6 (—)( 5) _ 4 

13 13 ; 00860 (*) + 4 sin60°(; 

«,= -16.8 kN m = 16.8 kN m , . 

J Ans 
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4-110. Replace the force system acting on the beam by 
an equivalent force and couple moment at point A. 


2.5 kN l.5kN, 


F k, F, = !.5sin30°-2.5^J 

= -1.25 ItN = 1.25 kN «- 

+ T/ >, =ZF ,' F k, = -1.5cos30°-2.5^j-3 
= -5.799 kN = 5.799 lcN i 

f > = V í/ ?, +F k, = /1.25 2 + S.799 2 = 5.93 kN 
a -...-<í F k, V .. -,f5.7995 .... 


r k, .,(5. 7995 

tj = un lTi?J = 77 ' 8 " 



i25KH 

ÍaS 

r 

y 

f/ i 

i 

i 

[ 5-79Ï K/j 



« ! 



C + M ‘a - **** '• M k, = -2.5^ j(2) - 1.5cos 30°(6) - 3(8) 

=-34.8 kN 10 = 34.8 kN m ( Clockwise ) Ans 


4-111. Replace the force system acting on the beam by 
an equivalent force and couple moment at point B. 


2.5 kN 1.5 kN 



F k, = ZF ,; 7>_ = I.Ssin 30° -2.5^ j 

= -1.25 kN = 1.25 kN . 


+ Î/?=£Ç; />_ =-1.5cos30°-2.5^j-3 


=-5.799 kN = 5.799 kN i 


F, = +/? = /1.25 2 + 5.799 2 = 5.93 kN 

' , = ûn "í| i )= Qn "0= 77 - 80 


V 

p 

1 ) 


J 

!/ 

1579? ^ 

1 


(+ M, t = IM, ; M, W = 1.5COS 30°(2) + 2.50 j(6) 

= 11.6kN m (Counlerclockwíse) Ans 


179 









180 




w4 1 4.14.aciRaffltftft 3 -W@gfiRStìfîfirnon the frame by a single 
resultant force. Specify where its line of action intersects 
member AB, measured from A. 



Af„, = ZF X -. F e , - -200 lb = 200 lb 
+ ÎF„ =Ï.F r ; F Sy =-300 - 200 - 400 = -900 Ib = 900 Ib i 

F = /(-200) 2 + (-900) 2 = 922 lb Ans 

900 

8 = tan (-—) = 77.5° «7 Ans 


C +M ra = YM a ; 900(1) = 200(3) + 400(7) + 200(2) - 600 

3200 

x = - = 3.56 ft Ans 

900 


4-115. Replace the three forces acting on the beam by 
a single resultant force. Specify where the force acts, 
measured from end A. 


700 N 



EF,-. 


fíi= 450co 8 60»- 700s i n30»=-125N=125N < - 


rtJi, =^ ; 


. - 450 sinbCF - 700 co.30» -300 = - 1296 N - 1296 


F = /p!25) r + (-1296)2 = 1302 N 


Ans 


0 * tan 


i ( H5) = 84.5” «7 


125 


r+M , <= ZM A ; 1296« =450 
X = 7.36 m 


sin60”(2) + 300(6) + 700 cos30”(9) + 1500 
Ans 


*4-116. Replace the three forces acting on the beam by 
a single resultant force. Specify where the force acts, 
measured from B. 



->F Mx = n; , f Mx = 450 cos60° - 700 sin30° = - 125 N 
+ î/>, =2^; F Rj = - 450 sin60° - 700 cos30° -300 = 
F = VT-125)* + (-1296)2 = 1302 N Ans 


- 125 N <— 

-1296 N = 1296 N 


-i 1296 

9 = tan '(-) 

125 


Ans 


i 


(+M„ -TM,; 1296(x) = -450 sin60”(4) + 700 cos30°(3) + 1500 


x = 1.36 m (to the ríght) Ans 
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4-117. Determine the magnitudes of F, and F 2 and the 
direction of F t so that the loading creates a zero resultant 
force and couple moment on the wheel. 


Force Summation : 

->0 = Z/ì; 0 = fì+60-íjcos9 - 30cos 45° 
F 2 -/■ cos 6 = -38.79 


+ T 0=ZF r ; 0 = F t sin 6 - 30sin 45° 

F t sin © = 21.21 

Moment Summtuion : 

£+ 0 = 1 Mo\ 0 = 80- F^ (0.75) -30(0.75) 

- F t sin 6(0.75cos 30°) 

— F 2 cos S(0.75sin 30°) 


m 


[ 2 ] 


[3] 


Solving Eqs.fl), [2] and [3] yiekls 

/ỳ=25.9tb 0=18.1° íj = 68.1 Ib Ans 


4-118. The weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and couple moment acting at 
point A. 


♦ 1 ‘ / >=EÇ; />=-1750-5500-3500 

= -10750 Ib = 10.75 lupi 


Ans 


Ç + M Sa =ZM a \ M Ra =3500(20)+ 5500(6)-1750(2) 

= 99500 Ib ft 

= 99.5 kip ■ ft ( Counterclockwise) Ans 




f,-6 ft- 


1750 Ib 


2 ft 
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4-119. The weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and specify its location 




www.usacingenieria.blogspot.com 

4-121. Replace the loading on the frame by a singie 
resultant force. Specify where its line of action intersects 
member CD, measured from end C. 


—-i 1 m -— 

/c\ _ B_ 


2 m—-r-3 m- 


500N |.l 


F„ = -250(-) - 500(cos60 o ) = -450 N = 450 N 


+ Î£Ç=ïf?; F„ y = -300 - 250(-) - 500sin60° = -883.0127 N = 883.0127 N 1 


F Â = / (-450) 2 + (-883.0127)2 = 991 N 


883.0127 

e = urn '( ■ - ) = 63.0« S7 

450 


C+M, t = ZM C , 883.0127 x = -400 + 300(3) + 250(-)(6) +500cos60“(2) + (500sin60«)(l) 


* 2.64 m Ans 


4-122. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant’s line of action intersects member AB, 
measured from point A. 



2* F,, = ZF, ; F„ = 35 sm 30« + 25 = 42.5 ib 
+ i F,, - ZF, ; F,, = 35 cos 30« + 20 = 50.31 lb 

F, = ^(42.5)2 + (50.31)2 = 65.9 lb Ans 

9 = St) = 49 80 ^ Ans 

Ç+M, t = ZM t ; 50.31 (4) = 35 cos 30« (2) + 20 (6) - 25 (3) 



d = 2.10 ft Ans 
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4-123. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant's line of action intersects member BC, measured 
from point B. 


Ft - ’ í f», = 35 lin 30“ + 


25 = 42.3 ib 


+ i f* r = 2/ỳ ; F,, = 35 eos 30“ + 20 » 50.31 Ib |_ 

F* * V(42.5)> + (50.31)4 = 65.9 Ib Aiu 

6 ° ' (^t) = 49 - 8 ° Ans ^ 

(+M,a = ZMa ; 50.31 (6) - 42.5(4) » 35 =0* 30“(2) + 20(6) - 25(3) 

4 * 4.62 ft Ans 



♦4-124. Replace the force system acting on the frame 
by an equivalent resultant force and couple moment 
acting at point A. 


V30“ 20 Ib 

V- 4 —1. 


-*f». » ZF. ; F, t = 35 sin 30“ + 25 = 42.3 lb 


■ 1 F *r * ; F», - 35 COJ 30" + 


20 = 50.31 lb 


F, = V(42.5H + (50.31)2 = 65.9 Ib Aiu 


9 ° (S) “ 49 «° ^ An. 

t*M, Á =ZMa , M, a - 35co»30°(2) + 20(6)-25(3) 

*&. = 104tt> O 4n» 


4-125. Replace the force and couple-moment system by 
an equivalent resultant force and couple moment at point 
O. Express the results in Cartesian vector form. 


M = (-201 - 70j + 20k)kN ■ m 


F= |8i + 6j + 8k)kN 


F, = EF ; F, = (81 + 6 j + 8 k) ItN An» 


M,o = IMo ; M,o = - 20 i - 70 j + 20 k + -6 5 5 

* 6 8 


/^—4 m » - ^T -5 m 


= {-101+ 18j-56k}kN m An» 
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4-126. Replace the force and couple-moment system by 
an equivalent resultant force and couple moment at point 
P. Express the results in Cartesian vector form. 


r. » (81 + 6J + 8k| lcN An» 

I J k 

M„ = = -201 - 70j + 20k+ -6 5 11 

8 6 8 

= (-461 + 66J - 56k) ItN m An» 


M = {-20i - 70j + 20k|kN ■ 


-4 m- ++ 5 m 


F = (8i + 6j + 8k)kN 


5 m 


4-127. Replace thc force and couple-moment system by 
an equivalent resultant force and couple moment at point 
Q. Express the resuits in Cartesian vector form. 


M = {—201 - 70j + 20k}kN ■ m 


F = (8i + 6j + 8k}kN 


r, » (81 ♦ 6J + 8k| kN An» 

I J k 

M, a = -201 - 70J + 20k+ 0 5 5 
8 6 8 

* (- 101 - 30J - 20k| kN- m An» 


i m 9 * —5 m- 

'Y 


*4-128. The belt passing over the pulley is subjected to 
forces F, and F 2) each having a magnitude of 40 N. F, acts 
in the — k direction. Replace these forces by an 
equivalent force and couple moment at point A. Express 
the result in Cartesian vector form. Set 0 - 0° so that F 2 
acts in the — j direction. 


Qy y 

V = 80 mm / 


F * = F i + F 2 

F* = {-40j - 40k}N 
Mju = Krx F) 


i 

j 

k 

i 

j 

k 

-0.3 

0 

0.08 

+ -0.3 

0.08 

0 

0 

-40 

0 

0 

0 

-40 


= {-12j + 12k} N m 
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4-129. The belt passing over the pulley is subjected to 
two forces F, and F 2 , each having a magnitude of 40 N. 
Fj acts tn the -k direction. Replace these forces by an 
equivalent force and couple moment at point A. Express 
the resuit in Cartesian vector form. Take 6 = 45°. 


: F. + R 



- -'»co S 45«j + (_4 0 _ 40sin45O)k 

F * = { ' 28 - 3 J - «S-3k> N Ans 

r ífi = { -0.31 + 0.08J) m 

' AF2 = ' 0 3i ~ 0 08 sia45°j + 0.08 cos45°k 
= { — 0.31 _ 0.0566J + 0.0566k) m 
= (r sf , x Fj) + ( r Án x f 2 ) 

i 


1 J k 

-0 3 0.08 0 

0 o —4ol 


. J k 

+ „ 3 -°' 0566 00566 

0 -40 cos45° -40 S in45 


AIso, 

K 

M. 


{-20.5j + 8.49k) N m 


Ans 




= 28.28(0.0566) + 28.28(0.0566) - 40(0.08) 



, = 

«,,, 

= -28.28(0.3) 


= -20.5 N-m 

«„, 

= ZM,, 

«„, 

= 28.28(0.3) 


= 8.49 N-m 


= Í-20.5J + 8.4 





Ans 
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4-130. Replace the force system by an equivalent force 
and couple moment at point A. 


V, \ F, - F, + F 2 + F, 

= (300+ 100) i + (400- 100)j + (-100 - 50 - 500)k 
= {400i + 300j-650k} N An» 

Theposidon veaors are r ÁI = {12k} m »nd r Af = {— lj} m. 

M s< = ; M^ =r ÁI x F,+r A4 x F 2 +r <£ x F, 


i 

j 

k i 

j 

k 

0 

0 

12 + 0 

0 

12 

300 

400 

-1001 100 

-100 

-50 


• j k 

0-1 0 
0 0 -500 


= {-3100i + 4800J} N m 


4-131. Ihe slab is to be hoisted using the three slings 
shown. Replace the system of forces acting on slings by 
an equivalent force and couple moment at point O. The 
force F|, is vertical. 


F 2 - ( IOOí - lOOj - 50k|N /oSx : F, = (300i + 400j - IOOk)N 


F, = ( -500k|N ' 


Foret Vectors : 

F, ={6.00k} kN 

F 2 = 5(-cos 45°sin 30°1 + cos 45°cos 30°j + sin 45°k) 

= {—l-768i + 3.062j + 3J36k} kN 

F, =4(cos 60°i + cos 60°j + cos 45 0 k) 

= {2.00i + 2.00j + 2.828k} kN 

Equivalent Force and Couple Moment At Point O: 

F, =IF; F„ = F, + F 2 + F, 

= (-1.768 + 2 . 00 ) i + (3.062 + 2 . 00 ) j 

+ (6.00 + 3.536 + 2.828) k 

= {0.232Í + 5.06J+ 12.4k) kN An 

The position vectors are r, = {2i + 6 j} m snd r 2 = {4i} m. 

= ^Mo: M «„ = r. x F, +r 2 x F 2 


F, = 4 kN 


i J 

k i 

j 

k 

: 2 6 

0+4 

0 

0 

0 0 6 

•OOl -1.768 

3.062 

3.536 

(3&.Oi-26.1j+12.2k) kN m 


Ans 


F 2 - 5 kN M5°y 


F, =6kN 
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*4-132. A biomechanical model of the lumber region of 
the human trunk is shown. The forces acting in the four 
muscle groups consist of F R = 35 N for the rectus. 
Fo = 45 N for the oblique, F L = 23 N for the lumbar 
latissimus dorsi, and Fç = 32 N for the erector spinae. 
These loadings are symmetric with respect to the y-z 
plane. Replace this system of parallel forces by an 
equivalent force and couple moment acting at the spine, 
point O. Express the results in Cartesian yector form. 


fi, = EF t ; F, = { 2(35 + 45 + 23 + 32)k} = (270k> N Ans 

M*o, = = (-2(35)(0.075) + 2(32)(0.015) + 2{23)(0.045)]i 


>7 F / 



50 mm 4Umm 


M JO = {—2.22i} N m 


4-133. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant 
force and specify its location (x, y) on the slab. Take 
F\ = 30 kN, F 2 = 40kN. 


+ T F.=ZE\ F. =-30~ 50 - 40 - 20 = -140kN = 1401cNÌ Ans 


{M,) x =ÎM,\ - 140y = -50(3)-30(11)-40(13) 


y = 7.14 m 


{M„) y = I M y ; 140x = 50(4) + 20(10) + 40( 10) 



H34. The building slab is subjected to four parallel 
:olumn loadings. Determine the equivalent resultant 
orce and specify its location (x, y) on the slab. Take 
q = 20 kN, F 2 = 50 kN. 


20 kN 50 kN| 


+ i/>=r^ ; = 20 + 50 + 20 + 50 = 140 kN 


M» 0 . = 1'M.\ 


140(x) = (50)(4) + 20(10) + 50(10) 






M Â o, = TM.\ 


-14000 = —(50)(3) - 20(11) - 50(13) 


y = 7.29 m 
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♦4-135. Replace the two wrenches and the force, acting 
on the pipe assembly, by an equivalent resultant force and 
couple moment at point O. 


Force And Moment Vectors : 


4 100 N • 
's. 


F, = {300k} N 


Fj = { 100 j} N 


Fj = 200{cos 45“i-sui45°k} N 
= { 141.421 - 141.42k} N 

M, = {100k} N • m 

M 2 = 180{cos 45 ,ï i-sin45°k} N m 
= {127.28i — 127.28k} N m 

Equivalent Force and Couple Moment Át Point O : 

F, =£F; FjsF^+Fj + Fj 

= 141.421 + 100.0j + (300- 141.42) k 

= {141i+100j+159k} N 


♦4-136. The three forces acting on the bloclc each have 
a magnitude of 10 Ib. Replace this system by a wrench 
and specify the point where the wrench intersects the z 
axis, measured from point O. 


~0 5 m ' 0.6 m — yjS 0-8 m- 

45 °Af200 N 


sD 

j I80N-I 


The positìon vectors are r, = { 03 j} ra and r 2 = {l.lj} 
M «.* 2 V«o; M «. =<-, x F, +r 2 x Fj+M, +M, 

I* i k I 


= 0 0, 

0 C 


i k 

3.5 0 

0 300 

! j k 

+ 0 1.1 o 

141.42 0 -141.42 


+ 100k+ 127.28i - 127.28k 


= {122i-183k} N m 



F* = {-10J} lb 


Mo - (6J + 2k) x C-10J) + 2(10) (-0.7071 _ 0 . 7 07J) 
= { 5.8581 - 14.14J} lb-ft 




, 5.858 

z -77T = 0 586 ft 


F » = {—10J} Ib Ans 

M» = Í-14.XJ} ib-ft Ans 
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TO7. RepTace the three forces acting on the plate by a 
wrench. Specify the magnitude of the force and couple 
moment for the wrench and the point P(x, y) where its 
line of action ìntersects the plate. 


F fl ={800k)N 
I/t = {500i)N f 




F c = {300j}N 


i, 


F, = {5001 + 300j + 800k} N 

F g = /(500)2 + (300) 2 + (800) 2 = 990 N Ans 

u„ = {0.50511 + 0.3030J + 0.8081k) 

M, = IM X ., = 800(4-y) 

M,. = IM y .\ M, f = 800s 

M, = IM t .\ M, t . = 500> + 300(6-x) 

Sincc M a also acts in the direction of u FR , 

M r ( 0.5051) = 800(4-}') 

M r ( 0.3030) = 800x 

M r (0.8081) = 500y + 300(6 -jc) 

M r * 3.07 kN m Ans 

x — 1.16 m Ans 

y = 2.06 m Ans 


4 " * 

300 N 


4-138. Replace the three forces acting on the plate by 
a wrench. Specify the magnitude of the force and couple 
moment for the wrench and the point P(y , z) where its 
line of action intersects the plate. 




F s = {-60j)lb 


RnuUant Force Vcclor : 


F, = {-40i -60j-80k} Ib 

= V(-40) ! + (-60) 2 + (-80) 2 = 107.70 lb = 108 Ib Aiu 

-40i — 60j — 80k 
u F --:- 

107.70 

= -0.3714Í -0.5571j-0.7428k 


F,, = {-80k}lb 


F c = {—40i }Ib 


Solving Eqa.flJ. (2). and [3] yields : 

M, =-6241bf t J = g. 69ft ^ = 04Uft 


Resultaní Moment: Thc line of action of M* of the wrench is parallel to "* 

the line of actìon of F, Assume that both M, and F, have the same The " Cgal ' ve sign “«licates that the line of action for M ú din««i + 

sense . Therefore, u Mj =-0.3714i-0.5571j-0.7428k. oppositcsenseto thatof F,. * 1 UK 


(M,) t . =LVí,.; 

-0.37143/, = 60(12-2) + 80y 

UJ 

(M,) y . = ÎMj.; 

-0.5571 M, = A0z 

(2} 

(«,),. =z^. : 

-0.7428AÍ, =40(12-y) 

[3] 
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4-139. The loading on the bookshelf is distritíáp 
Determine the magnitude of the equivalent resultant 
location, measured from point O. 



IImllHlllmllf 11’:Ií ; 

iililllllliililll 



+ 1 F'O = ZF; F,o = 8 + 5.25 = 13.25 = 13.2 lb i Are _L _ 

H ; r 

C + M„ 0 = ZM 0 ; 13.25JC = 5.25(0.75 + 1.25) - 8(2-1.25) j= ., nM 

.,07400 Ans =W «** ISfr' 


x = 0.340 ft 


4-140. The masonry support creates the loading 
distribution acting on ihe end of the beam. Simplify this 
load to a single resultant force and specify its location 
mcasured from point O. 


Equivalent Resultant Force : 

+ T /r = ; f R - 0.300 + 0.225 = 0.525 lcN T Ans 

Location of Equivalent Resultant Force : 

£+ W *) 0 0.525 (d) = 0.300(0.15) +0.225(0.2) 



</ = 0.171 m 


4-141. Replace the loading by an equivalent force and 
couple moment acting at point O. 


500 kN • m 



+ T F„=ZF y ; F„= -22.5 - 13.5 - 15.0 

= -5I.0lcN = 51.0kN 1 Ans 


-kí,X7-5>--Zi-5 Fti 




5C0M-' r ' 1 '] 


J+ M Ro =IM 0 ; M„ o = -500 - 22.5(5)- 13.5(9)-15(12) 

= -914 kN • m 

= 9i4kN-ra ( Clockwise ) A ns 


5rr\ T T 3" 
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measurcd from point 0. h beam 

Equivaìent Resultant Foree : 

+ î F*=ZF y ; -/>=-22.5-13.5-15 

F * = 51 . 01 cN J. Ans 

Location of Equivalent Resultant Force : 

Ç+(W S ) 0 = ZMg, -51.0 (J) = -500-22.5(5) - 13.5(9) - 15(12) 


d= 17.9 m 


Ans 


exerts a force of Toòo JtTon t'h SUPP ° rt the n °° r whi ch 
effect of soii ores^JÍ * '° P ° f . the “'umn/Ihe 
shown. Replace this IoadinpV' S ' S d,stnbuted as 
force and specify where 1t í T e ? U,Valent result ant 
measured from its base A. * *° ng the co,umn . 

3000 lb 





- 7.5 m ■ 


F, y = 720 + 540 = 1260 lb 


126di = 540(3) +720(4.5) 
JT = 3.86 ft 


Ans 


' < “ dín8 b> “ '4“™'“' 

coupie moment acting at point O. 

15 kN/m 



6 kN/m 


15 kN 


- 4.5 m - 


3)5t>t>U> 



4(154 55 ( 9 ) = 


+ •'•/> £F; ÍJ = 90 kN i 

? + H*o =ZM 0 ; M to = 90(3.75) = 338 kN, 


si«fs?ii;s < ;" n c b ( “' e í'r ; 8 b> » '4=vi e „, 

measured .hfpi.Tc ' 0 " °” "" b “ m ' 



+ J-/>=Zf; F„ = 12 000 + 6000 = 18 000 lb 
F * = 18-Olcip i Ans 

0 + M, c =ZMc; 18 000» = 12 000(7.5) + 6000(20) 
x = 11.7 ft Ans 


;-r.r ' S ^ 
^>000 u 6,000 U> 
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*4-Wu^W ie ífié bl0 »b C uTd loading by an 
eqinvalent resultant force and specify its location + Ik = zf 
measured from point A. ' 

800 N/m 


F ” = 1600 + W + 600 = 3100 N 
F * ' 31° kNi Ans 


-<3,00) = .6000, + 900(3) + 600(3.5) 


200 N/m 


x — 2.06 m 





^ 


4-149. The distribution of soil loading on the bottom of 
a building slab is shown. Replace this loading by an 
equivalent resultant force and specify its location, 
measured from point O. 



+ T/> =r^; = 50( 12) + |(250)(12) +j(200)(9)+ 100(9) 

= 3900 lb= 3.90 ki P T Ans 





(. +M, 0 =lM o \ 3900(4) - 50(12)(6) + j(250)(12)(8) + j(200)(9)(15) + 100(9)( 16.5) 


4-150. The beam is subjected to the distribuled loading. 
Determine the length b of the uniform load and its 
position a on the beam such that the resultant force and 
couple moment acting on the beam are zero. 

Rcquire /> = 0. 

+ T/>=IÇ. 0= 180-206 

b = 9.00 ft Ans 

Rcquírc M, t = 0. Using ihe result b = 9.00 ft, we have 

Ç+M, Á =Ï.M Á . 0= 180(12)-20(9.00) (“+^} 

a = 7.50fl Ans 



a+k * 

b 



i 

- ' 1 

- ■ 

i 

i ■" 

1 tzjt 

Ì<êo)to* /60 /b 
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*4-148. Replace the distributed loading by an equivalent 
resultant force and specify its location, measured from 
point A. 


+ IF k = -LF: F k = 16(X) + 9(X) + «X) = 3100 N 
F k = 3.10 kN | Ans 

^+AÍ/m = E M,,; r(3100) = 1600(1) + 900(3) + 600(3.5) 

\ = 2.06 m Ans 


4-149. The distribution of soil loading on the bottom of a 
building slab is shown. Replace this loading by an equiv- 
alent resultant force and specify its location, measured 
from point O. 


+ t r„ = tf,: F k = 50(12) + 1(250)112) 

+ ï<200)(9) + 100(9) 


= 3900 lb = 3.90 kip f Ans 


^ +M K( . = 3900 (d) = 50(I2)(6) + í(250)(12)(8) 

+ 1(200)(9)(1S) + 100(9)06.5) 
d — 11.3 ft Ans 


4-150. The beam is subjected to the distributed loading. 
Determine the Jength b of the uniform load and its position 
a on the beam such that the resultant force and couple 
moment acting on the beam are zero. 


Require Fr = 0. 

+ tf« = £/>; 0=180-40/; 

b = 4.50 ft Ans 

Require Mr a = 0. Using tlie result b = 4.50 ft, we have 

^ / 4.50 \ 

í +M* a = ZM a \ 0 = 180(12) - 40(4.50) ( a + — ) 

a = 9.75 ft Ans 
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4-151. Replace the loading by an equivalent resultant 
torce and specify its location on the beam. measured from 
point B. 


+ 1/Ì = ZF; F R = 4800 + 1350 + 4500= 10 650 Ib 


800 Ib/ft 




F„ = 10.6 kip 1 Ans 

500 lb/ft C + M KB - ZMb; 10 65ÛX = -4800(4) + 1350(3) + 4500(4.5) 


x = 0.479 ft Ans 


oow I |*t,500U 





=!/;; F, t = 1000 N 
+ !/>,= If,; F Ry = 900 N 


F r = /(1000)/ + (900) 2 = 1345 N 


F. = 1.35 kN 


,f 900 1 

- = 42.0° 

LlOOOJ 


ÒOOH 

^ ( 4£9fJ 


t +Aí m = I M Á ; lOOOy = 1000(2.5) - 300(2) - 600(3) 


y - 0.1 ra Ans 


4-153. Replace the distributed loading by an equivalent 
resultant force and specifv where its line of action 
intersects member BC, measured from C. 

200 N/m 



200 N/m 


<-£/>, = ZF X ; F Rt = 1000 N 
+ 1 F ty = ZF y ; F Ry = 900 N 
F r = /(1000) 2 + (900) 2 = 1345 N 


F„ = 1.35 kN 



" = -"B] = 420 °^ Ans 

(. +M, C = ZM C ; 900sr = 600(3) + 300(4) - 1000(2.5) 


x — 0.556 m Ans 
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4-154. Replace the loading by an equivalent resultant 
force and couple moment acting at point O. 


7.5 kN/m 



.1 4.5 m 


Fr - ý( 12.5)(4,5) + 7.5(4.5) + 7.5(3) + j(7.5)(3) 


™°- ^=-è(12.5)(4.5)( 1.5)-7.5(4.5)(2.25) -7.5(3)(6)-í(7.5)(3)(8.5) 

= -349kN m=349kN m i Ans 



4-155. Wet concrete exerts a pressure distribution along 
the wall of the form. Determìne the resultant force of this 
distribution and specify the height h where the bracing 
strut should be placed so that it lies through the line of 
action of the resultant force. The wall has a width of 5 m. 


-p = (4z'") kPa 




Equivaitnt Rtsultant Forct : 

^F,=ZF.. -F, = -J dA=-j‘wdz 

A 0 

F,= f “(W)(lO J )<fe 

■' 0 

= 106.67( 10’) N= 107 kN 
Location of Equivalent Rtsultant Forct: 

Í A zdA _ f Z 0 zwdz 

Z L àA lTwdz 


j'‘"(20z i )(10 3 ) i fe 

J*"(20z’) (10 3 )<fe 



* '. \ 

> 'v. 


=(£0ïí)Oa') 


h = 4 — f — 4 — 2.40 — 1.60 m 
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4-156. Wincf has blown sand over a platform such that 
the intensity of the load can be approximated by the ^ = wdx 
function w = (0.5x 3 ) N/m. Simplify this distributed 
loading to an equivalent resultant force and specify the * = JdA = /"*,»* 
magnitude and location of the force, measured from A. 0 2 




= 1230 N 
= 1.23 kN 


= S'°^x 4 dx 

o 2 


Ans 



= lOOOONm 
10 000 

X ~ 1230 = 8 00 m Ans 



4-157. Replace the loading by an equivalent force and 
couple moment acting at point O. 


RêauUant Forc, And Moment At Foint O : 

+ F,=-| dA=-\\dx 

A 0 

/ 9n t 

^20Qr s ^<íc 

=-3600 N = 3.60 kN i An 

Ç* M * 0 = M, o = -I'jti vdx 

= -f o "x(200x’)dx 

-CMdx 

= -19 440 N • m 

= 19.4kN m (Clockwise) Ans 



dF=d > 






Hh 

ctn 
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*4-158. The lifting force along the wing of a jet aircraft 
consists of a uniform distribution along AB, and a 
semiparabolic distribution along BC with origin at B. 
Replace this loading by a single resultant force and 
specify its location measured from point A. 


2880 Ib/ft 


Equivalent Resultant Force : 

+ ^/>=E/ŷ; /> = 34560+ J wdx 

o 

,24fi 

/> = 34560+ j ( 2880- 5x ! ) dx 
J 0 

= 80640 !b = 80.6 kip T Ans 

Location of Equivalent Resultant Force : 

C+ ; 

80640*-= 34560(6)+/' (x+l2)wd* 

0 

80640* = 207360 + J (* + 12) ( 2880 -5 x 1 ) dx 
80640* = 207360 + J^ ( -5*’ - 6Qx ! + 2880* + 34560) dx 

x = 14.6 ft Ans 



ZiBO'Ji) -ì+5bc lí df=d.A 

,- 1 --- ydA = ~*hix 

\| I i 


bjt U/t 1 X 


4-159. Determine the magnitude of the equivalent 
resultant force of the distributed load and spccify its 
location on the beam measured from point A. 


. w = (5 (x - 8 ) +100) Ib/ft 


100 Ib/ft _ 120 Ib/ft 


Equivaient Resultanl Force : 

+ Î/>=IÇ; ~F„=-j dA =-j wdx 

A 0 

F, =J o ' 0 "[5(x-8) ! + 100]<1i 
= 1866.67 !b= 1.87 kip i 

Location of Equivalent Resultant Force : 

l,xdA _ lp xwdx 
JjdÂ l‘wdx 

_ Jj° , ‘x[5(x-8) ! +100'| 1 í* 

~ í(ï° f, [5(x-8) 2 + 100]4* 

_ ÍJ 0,1 (5x 3 - 8Qx 2 + 42Ctr) dx 
Jò 0,t [ 5 (x — 8) 2 + 100]dx 
= 3.66 ft 



áf*dA*yrdx 

•w=[s (x-Sft'Mj lh í}< 
-- 
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resul[ant force Qf [he 
distributed loading and its location, measured from point 
A. Evaluate the integrals using SimDson’s rule. 


h =í 5jt + (16 -t- jc 2 ) 1/2 ) kN/m 5.07 kN/m 



f wdx - / * 


F n = 14.9 kN 


•l x iF ~ { M^TTTirr^ dx 


33.74 lcN-m 


4-161. Determine the coordinate direction angles a /3 
y of F ' which is applied to the end A of the pipe assemblv 
so that the moment of F about O is zero. 

Require M<, • 0. This happens when force F ls direcied along line OA either 
from point O to A or from point A to O. The unit vectors u 0A and u, arn 

(6-0)i + (14-0)j + (IO-0)k 

u oa = ; 1 ■ 

y (6-0) 2 + (I4-0) 2 + ( 10 - 0 ) 2 
= 0.3293Í +0.7683j + 0.5488k 

Thus, 

a = cos' 1 0.3293 = 70.8° Ans 

0 = cos~ 1 O.7683 = 39.8° Ans 

r = cos~'0.5488 = 56.7“ Ans 


F =20 Ib 



>1 10 in. 


_ (0-6)i + (0 - 14)j + (Q — lQ)k 
^/(0-6) 2 + (0-14) 2 + (0-10) 2 
= -0.3293Ì -0.7683j-0.5488k 

a = cos~'(-0.3293) = 109“ 

(3 = cos~' (-0.7683) = 140° 
r = cos~' (-0.5488) = 123“ 


O S; ° eter / TUnethemoment °ft h eforceFabout P oint 
aj^e orcehas coordmate d.rection angles ofa = 60°, 

vector ’ 7 ' preSS the result 35 a Cartesian 


Fosition Vsclor And Forct Vtctors : 

r ° A ~ — 0)i + (14 — 0)j + ( 10 — 0)k} in. 

= {6i + 14j + 10k> in. 

F = 20(cos 60“i +cos 120“j + cos 45“k) Ib 

= {10.0i-10.0j+14.142k} lb 

Moment of Forct F About Point O : Applying Eq.4-7, , 
M o = r oa 

1 i k | 

=6 14 io 

10.0 -10.0 14.1421 


7^= 20 Ib 



= {298i + 15.1j-200k} lb i 
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*4-168. The horizontal 30-N foree acts on the handie of 
the wretich VVhat is the magnitude of the moment of this 
force about the z axis? 


' -2()0 mm-— 


Positìon Vector And t orce Vectors: 
r 8a = I —O.Olî + 0.2j} m 

r O A = {(-0.01 - 0)i + (0.2 - 0)j + (0.05 - 0)k} m 
= {—0.01 i + 0.2j + 0.05k) m 
F = 30(sin 45°i - cos45''j) N 
= {21.2131 - 21.213j} N 

Aioment of Force F About z Axis: The unit vector along the z axis 
is k. Appìying Eq. 4-11. we have 

M z = k • ( ra,\ x F) 

0 0 1 
= - 0.01 0.2 0 
21.213 -21.213 0 

= 0 - 0 + I [(—0.0!)(— 21.213) - 21.213(0.2)1 
= -4.03 N ■ m Ans 


Or 

M. = k - (r f M x F) 

0 0 1 | 

= -0.01 0.2 0.05 j 

21.213 -21.213 0 | 

= 0-0+ 11 (—0.01)(—21.213) - 21.213(0.2)1 

= —4.03 N • m Ans 

The negative sign intlicates that M. is directed along the negative 
z axis. 


4-169. The horizonta} 30-N force acts on the handle of 
the wrench. Determine the moment of this foree about 
point O. Specify the coordinate direction angles a r fi, y 
of the moment axis. 

Fositìon Vector And Force Vectors: 

r f ),i = {(-0.01 - ())i + (0.2 - 0)j + (0.05 - 0)k) m 

= {—0.01 i + 0.2j + 0.05k} m 

F = 30( sin45 i - cos 45°j) N 

= {2i.21.3i - 2l.2l3j} N 

Moment of Force F About Point O: Applying Eq. 4-7, vve have 
M() = to.\ X F 


= {1.06i + 1.06j — 4.03k} N m Ans 
The magnitude ot Mo is 

M 0 = v'Î.Oí) 1 2 + 1.061- + (-4.031^ = 4.301 N m 



The coordinate direction angles for ure 
, = 75.7* A, 


j i 

i -0.01 

j 

0.2 

k 

0.05 



( 1.061 \ 

121.213 

-21.213 

0 


/i = cos 1 I 

1,4-301 J 

{1.061 i + 

1.061 j — 

4.03lk) N • m 

y = cos -1 | 

( —4.031 

V 4.301 
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4-170. The forces and couple moments that are 
exerted on the toe and heel plates of a snow ski 
are F, = {- 50i+80j — 158k }N. M, = {-6i+4j+^k)N • 
m, and F* = { -20i+60j-250k)N. M h = {-20i+8j+3k) 
N • m, respectively. Replace this system by un equivalem 
force and couple moment acting at point P. Express the 
results in Cartesian vector form. 



F* = F, + F* = (-701 + I40J - 408k) N 

I ' j k 

M*e = 0.8 0 0 

-20 60 -250 

i j k 

+ 0.92 0 I) + (-61 + 4j + 2k> + (-201 + 8j + 3k) 
-50 80 -158 

M„, = (200j + 48k) + (145.36j + 73.6k) 

+ t — 6i + 4j + 2k) + (—201 + 8j + 3k> 

M(?, = |-26i + 357.36j + I26.6k( N ■ m 
M Rp = I-26Í + 357j + 127k| N • m 
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5-). Draw the frec-body diagram of the 50-kg paper roll 
which has a center of mass at 6' and rests on the smooth 
blade of the paper hauler. Explain the significance of each 
force acting on the diagram. (See Fig. 5-lb.) 


The Sígnificance of Each Force : 

W is ihe effec* of graviîy (waght) on the paper roll. 

N Á and are the sraooth blade rcacrions on the 
papcr roil. 


5-2. Dravv the free-bodv diagram of the hand punch, vvhich 
is pinned at A and bears dovvn on the smooth surface at B. 



f'= 8 Ib- 



5-3. Draw thc free-body diagram of the dumpster D of 
the truck, vvhich has a vveight of 5000 Ib and a center of 
gravity at G. It is supported by a pin at A and a pin- 
connected hydraulic cylinder BC (short link) Explain the 
significance of each force on the diagram.(See Fìg. 5-7£>.) 


The Significance of Each Force : 

w ìs (he effect of gravity (wdght) on the durapster. 

A. and A x are the pin A reacáons on the dumpster. 

F bc is the hydraulic cylinder BC rcacóon on the durapsler. 




-i 


I.Sft 


fi 

T 

‘jl_ 2 *. 
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5-6. Draw the free-body diagram of the crane boom AB 
which has a weight of 650 !b and center of gravity at G. 
The boom is supported by a pin at A and cable BC. The 
load of 1250 Ib is suspended from a cable attached at B. 
Explain the significance of each force acting on the 
diagram. (See Fig. 5-7 b.) 







The Significanc* of Each Force : 


W is thc cffccí of gravity (wcighi) on thc boom. 


, ii 




T&c 


A y and A x arc thc pin A reactions on thc boom. 
T bc is thc cable BC forcc reactions on thc boom. 


1250 lb force is thc suspcndcd load rcaction on thc boora. 


S-7- Draw the free-body diagram of the beam, which is pin- 
supported at A and rests on the smooth incline at B. 


800 Ib 800 lb 


600 lb 600 lb 


“3 ft +—3 ft —t— 3 ft t 3 ft- 


^ 8í0 :í Íí0 ii 

L 3* 1. I ih I jH , 


O.Cft A 


Prob. 5-7 
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5-8. Draw the free-body diagram of member ABC 
which is supported by a smooth collar at /t, roller at B, 
and short link CD. Explain the signifieance of each force 
acting on the diagram. (See Fig. 5-7f>.) 


The S ignificance of Each Force : 


N t is the smooih collar reachon on merabeMSC. 

N s is the roller suppon B reacnon on meraber ABC. 

F cd is theshon linlc rtaction on raemberMBC. 

2.5 ItN is the effect of extemal appiied force on raemberAflC. 

4 lcN ra is the effect of extemal applied couple momem on 
racrab ctABC. 
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5-13. Determine the reactions at the supports for the 
truss in Prob. 5-5. 



Equations of Equilibrium : The tension in the cable can be obtained 
direcdy by summing moments about point C. 

(+ 1Mc=0; T as cos 30°(2) + 7^ s sin 30°(4) -3(2) -4(4) =0 
r., = 5.89 lcN Ans 


-» ZF, = 0; C g — 5.89 cos 30° = 0 

C x = 5.11 kN Ans 

+ ÎIÇ=0; C, + 5.89sin30°-3-4 = 0 
C, =4.05 lcN Ans 


«23 


5-M. Determine the reactions on the boom i 


in Prob. 



Equations of Equilibrium : Theforcein cabl cBC can be obtained 
directly by sumraing moments about point A. 

(+ 1M Á =0; r sc sin7.380°(30)-650cos 30°( 18 ) 

- 1250sin 60°(30) = 0 

T bc = 11056.9 lb = 11.1 kip Ans 

^1F X = 0; A x - 11056.9^ = 0 

A x = 10206.4 lb = 10.2 kip Ans 


+ Î22J=0; A, -650- 1250- 11056.9^^ = 0 
Ay = 6152.7 lb = 6.15 kip 
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5-15. Determine the support reactions on the beam in 

Prob. 5-7. t+XM. = 0 : <« i., 

5 S( ) ' ( °' 6) ' 8 °° (3 >-«00(6) - 600(9) -600(12, . 

% =2142.86 lb = 2.14 kip 

1 Ans 


800 lb 800 lb 



*5-16. Determine the reactions on the member A, B, C 
inProb. 5-8. 



° fEqUÌlÌbrÌUm reacuon A< can be obuined 

directly by suraimng momems about poim C. 

(+ ZMç = 0; 2.5sin 600(6) -2.5cos 60°(3) -4 

+ N a cos 45° (3) -N a sin 45°(I0) =0 


^ - 0; 1 ,059cos 45° - 2.5cos 60° + F rn = 


212 



5-18. Determine the reactions at the pin A and at the 
roller at B of the beam in Prob. 5-10. 



-100(9.81)(cos30°)(1.75) - 100(9.81)(sm30 o )(0.1) 
rtVj (sin30°)(0.2) + N c ( 3) = 0 

■1535.7991 + 0.177, +3 N c = 0 

!, - 100(9.81) + JV c cos30° = 0 

„ = 981 - N c ( cos30°) 

f Á - N c ( sin30°) = 0 
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Of 8 Ib wiu, „ ne ™ he]d 

as shown. Determine the force F H this exerts nn th 1 +z *4> = 0,- 
muscle B. Neglect the weight of the man’s arm. P 


->XF x = 0; 



-8(13) + F„ (1.75) = 0 
F » = 59 -43 = 59.4 lb Ans 

8 - + 59.43 = 0 



= 67.4 lb 


5-23. The ramp of a ship has a weight of 200 lb and a 
center of gravity at G. Determine the cable force in CD 
needed to just start lifting the ramp, (i.e., so the reaction 
at B becomes zero). Also, determine the horizontal and 
vertica! components of force at the hinge (pin) at A. 



L + 0, p CD cos30°(9 cos20°) + F CD sin30°(9 sin20°) + 200(6 cos20°) = 0 


F cd = 194.9 = 195 lb 


-+ZÇ = 0; 194.9 sin30° - A r = 0 


A x 97.4 lb Ans £> 

+ tlF y =0; Ay -200 + 194.9 cos30° = 0 



A., = 31.2 Ib 
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*5-24. Determine the magnitude of force at the pin A 
and in the cable BC needed to support the 500-lb load. 
Neglect the vveight of the boom AB. 


Equationt of Equilibrium : The force in cable BC can be obained 
diroctly by summing momems ibout poinl A. 

(+IAÍ,=0; F sc sin 13°(8) -SOOcos 35°(8) = 0 

F ÌC = 1820.7 !b= 1.82 Idp Ans 

Jh'ZF,=0\ A, - 1820.7cos 13°-500sin 35° = 0 
A, = 2060.9 tb 

= 0; /t, + 1820.7sin 13° - 500cos 35° = 0 

A,=0 

Thus . F a =A,= 2060.9 lb = 2.06 ldp Ans 
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*5-28. Determine the tension in the cable and 
the horizontal and vertical components of reaction 
of the pin A. The pulley at D is frictionless and the 
cylinder weighs 80 Ib. 


Equations of Equilibrium : The tension force developed in the cable is 
the same throughout the who!e cable.The force in the cable can be obtained 
directly by summing raoraents about point A. 

Ç+ ZM t = 0; T( 5) + rí^ (10)-80(13) = 0 

T= 74.583 lb = 74.6 Ib Ans 


-+ ZF X = 0; A x - 74-583^J = 0 
/t = 33.4 Ib 



T T 


3T- 

■ A* 

U - 

-'_ l 

1- .1 , 

sft 

' 

sít r sjt 


+ T ZFj =0; 74.383+74.583^j-80-B, =0 

ÍL =61.3 Ib Ans 
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5-31. The cantilevered jib crane is used to support the 

load of 780 lb. If the trolley T can be placed anywhere Requirejr = 7.5 ft 

between 1.5 ft < x < 7.5 ft, determine the maximum 

magnitude of reaction at the supports A and B. Note that 1 +ZW '> = °: 

the supports are collars that allow the crane to rotate freely 

about the vertical axis. The collar at B supports a force in 

the vertical direction, whereas the one at A does not. _ 



+ Tzj? = 0: 


- 780(7.5) + B, (4) = 0 
B, = 1462.5 lb 


? f* - - 



- 1462.5 = 0 
4. = 1462.5= 1462 lb 
B>, - 780 = 0 
B, = 780 lb 


F t = 1 / (1462.5) 2 + (780) 2 

= 1657.5 lb = 1.66 kjp Anj 


*5-32. The sports car has a mass of 1.5 Mg and mass 
center at G. If the front two springs each have a stiffness 
of k A = 58 kN/m and the rear two springs each have a 
stíffness of k h = 65 kN/m, determine their compression 
when the car is parked on the 30° incline. Also, what 
friction force F n must be applied to each of the rear 
wheels to hold the car in equilibrium? Hint: First 
determine the normal force at A and B, then determine 
the compression in the springs. 

Equatians af Equitibrium +-4The normai reactíon N A can be obtained 
dioecdy by summing moments aboul point B. 

Çt-JjM', =0; 14 715cos30°( 1.2) 

- 14 715sin 30°(0.4) -2N A (2) = 0 

N. = 3087.32 N 


\ + = 0; 2F B - 14 715sin 30° = 0 

F b = 3678.75 N = 3.68 kN Ans 

/* =°; 23/, + 2(3087.32)- 14 715cos 30° = 0 

N, = 3284.46 N 

Spnng Force Formula : The compression of the sping can be detemtíned 

f 

using ihe spring formulajr = 

k 



1500(9 80’ /4-Jts f) 





3087.32 

X * ~ 58(70^) = ®05323 ra = 53.2 mm 
3284.46 

*. “ j(} 3 ) = 0-05053 ra = 50.5 mm 
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^~'^^Jwv^ì}êá2í : ^i l e I hfôPite.lSI , é®^pÊ)<tscíivçi three lìnes, each line 
exerting a vertical force on the pole due to its we lg ht as 
shown. Determine the reactions at the fixed support D If 
11 1S Possible for wind or ice to snap the lines, determine 
wh 1C h hne(s) when removed create(s) a condition for th^ 
greatest moment reaction at D. 


—3 ft— 



^ =0: A-0 Ans 

+ ÎZ^ =0; D> _ , 650 _ 0 

D > = T65 kip Ans 

t+Wo "0 ; -«°( 4 )- 400(3) + 800(2, +Wo=0 

M » = T40 kip-ft Ans 

Require 800 Ib Une to s„ap. 

DTDma, = 3.00 kip-ft Ans 




5-34. ITte jib crane is pin-connected at A and supported 
by a smooth collar at fl. Determine the roller placement x 
°f the -‘ 500 °- ,b ,o ad so that it gives the maximum and 
minimum reactions at the supports. Calculate these 
reactions ìn each case. Neglect the weight of the crane 
Require 4 ft < x < 10 ft. 


Equations of Equilibrium : 


C+ ZM, »0; 

fl» (12) -5x = 0 

N, - 0.4167 j 

D) 

+ T ZF y = 0; 

A,-5 = 0 A, 

= 5.00 kip 

[2] 

A ZF, = 0; 

A, -0.4167i = 0 

A, =0.4167+ 

[3] 


By obscrvation, the maximum support reactíons occur whcn 

x = 10 ft Àns 

With x - 10 ft, from Eqs.[l], [2] and [3], the maximum support 
reactíons are 

A x =N B = 4.17 kip A y = 5.00 kip Ans 

By observatíon, the minimum support reactíons occur when 

x = 4 ft Ans 

Widi x = 4 ft, from Eqs. [ I ], [2] and [3], the minimum support 
reactíons are 

A x = N B = 1.67 lcip A y = 5.00 lcip Ans 
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5-35. If íhe wheelbarrow and its contents have a mass of 

60 kg and center of mass at G, determine the magnitude 
of the resultant force which the man must exert on each 
of the two handles in order to hold the wheelbarrow in 
equilibrium. 



4»tt.ít)N 


(. +IM b = 0; 


+ ÍXF =0; 



= 0 ; 


B, =0 
F b = 105 N 


Ans 
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*5-36. The pad footing is used to support the !oad of 
12 000 Ib. Determine the intensities and w 2 of the 
distributed loading acting on the base of the footing for 
the equilibrium. 


Equations of Equilibrijnn : Thc load ini 
direcUy by sumnung momcnts aboutpoinM. 


intcnsity w 2 can bc dctcrmincd 


C+^=0; ^2 (||)( 17.5 - 11.67) -12( !4- 11.67) = 0 

»î = 1.646 kjp/ft= 1.65 kip/ft Ans 

+ T£/i=0: 5^-1.646)^)+ 2 .743g)-12 = 0 

»•, =6.581rip/f t Anj 


12000 Ib 



r- 

35 in. —- 

/4/Vt 




• « 

4 ; „ - 

* \ 4 ’ - * 


__î_i 

-àrCV-»" 

"T 

<&) 

‘ HÍ7.n■ 

n-5< n - 


--37. The bulk head AD is subjected to both water and 
so,l-backfill pressures. Assuming AD is “pinned" to the 
ground at A, determine the horizontal and vertical 
reactions there and also the required tension in the 
ground anchor BC necessary for equilibrium. The bulk 
head has a mass of 800 kg. 


Equations of Equilibrium : Thc force in ground anchor BC can bc 
obtained dircctly by summing momcnts about point A. 

U1 A =0; 1007.5(2.167) — 236 (1.333)-F(6) =0 

311.375 ItN = 311 kN Ana 


-* I F, =0; A. +311.375 + 236- 1007.5 = 0 

A. = 460 kN Ans 

+ TEF 7 =0; A,-7.848 = 0 A y = 7.85 kN Ans 



118 kN/m a .110 kN/m 

r' . 


ÔOo(<jòO=Jd4ô kH \ F 


ì Sii'r' 


i \ I 


2(n&K4) . I 
I ÌÎÌ'T' I 


S- 3 100f5 
((ffrr 


223 








www.usacinqenieria.bloqspot.cpm , ... 

5-38. Tne telephone pole of negligible thickness ìs 

subjected to the force of 80 lb directed as shown. It is 
supported by the cable BCD and can be assumed pinned 
at its base A. In order to provide clearance for a sidewalk 
right of way, where D is located, a strut CE is attached 
at C, as shown by the dashed lines (cable segment CD 
is removed). If the tension in CD' is to be twice the 
tension in BCD , determine the height h for placement of 
the strut CE. 


^ +T.M a = 0 ; 


- 80(30) cos 30° + 


1 

VTÔ 


Tbcd (30) = 0 


Tbcd = 219.089 lb 



Require T CD ' = 2(219.089) = 438.178 lb 


+ ZM a = 0; 438.178(tíf) - 80cos30°(30) = 0 

d = 4.7434 ft 

30 - h _ 30 
4.7434 “ IÔ 

300 - 10 h = 142.3025 
h = 15.8 ft Ans 


5-39. The worker uses the hand truck to move material 
down the ramp. If the truck and its contents are held in the 
position shown and have a weight of 100 lb with center 
of gravity at G, determine the resultant normal force of 
both wheels on the ground A and the magnitude of the 
force required at the grip B. 



^ +ÏM S =0; (N a cos 30°)(5.25) + N A sin 30° (0.5) 

- 100sin30°(3.5) - 100cos30°(2.5) = • 
N a = 81.621 lb = 81.6 lb Ans 
+ \ EF, =0; — B x + 100cos30° -81.621 sin30° =0 

B x = 45.792 lb 

/ + 2F, =0; B y — 100 sin 30° + 81.621 cos 30° = 0 
B y = -20.686 lb 

F b = V(45.792) 2 + (-20.686)- = 50.2 lb Ans 
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*5-40. The beam is subjected to the two concentrated 
loads as shown. Assuming that the foundation exerts a 
linearly varying load distribution on its bottom, 
determine the load intensities W] and vv 2 for equilibrium 
(a) in terms of the parameters shown; (b) set P = 500 Ib 
L = 12 ft. 


Equatíon, of Equilibrium : Ue load imensity can be determined 
directíy by summing raoments about potnt A. 

2 P 


+ ÎIf> =0; 



2 P 

-(L)-ÌP=0 


Ans 


If P = 500 lb and L = I2ft, 


2(500) 

w t = —— = 83.3 Ib/ft 
4(500) 

w 2 = ~fj— = 167 Ib/ft 


Ans 

Anj 


P 2P 



P ZP 


î - 3 . , 2 _ J 


- H 


‘ 


ì 

— 

_ ^_i 

T H 

‘ L ' 



ÌOÍ.-HÍ) L 


5 - 41 . The shelf supports the electric motor which has a 
mass of 15 kg and mass center at G m . The platform upon 
which it rests has a mass of 4 kg and mass center at G p . 
Assuming that a single bolt B holds the shelf up and the 
bracket bears against the smooth wall at A, determine this 
normal force at A and the horizontal and vertical 
components of reaction of the bolt on the bracket. 
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5-42. A cantilever bearn, having an extended length of 
3 m, is subjected to a vertical force of 500 N. Assuming 
that the wall resists this load with linearly varying 
distributed loads over the 0.15-m length of the beam 
portion inside tbe wall. determine the intensities w, and 
u >2 for equiiibrium. 


500 N 



+ t EF, =0; Ì(W,)(0.I5) - i(«- : )(0.15) - 500 = 0 

^ +5 :M a = 0; - (500)3 - ì(«»,)(0.15){0.05) + 

(0.15)(0.1) = 0 

These eciu;itions become 

u'i — u: 2 = 6666.7 
2u' 2 - =400(XX) 

Solving, 

u;i=4l3kN/m Ans 
w-y — 407 kN/m Ans 
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5-43. The upper portion of the crane boom consists of 
the jib AB, which is supported by the pin at A, the guy line 
BC, and the backstay CD, each cable being separately 
attached to the mast at C. If the 5-kN load is supported by 
the hoist líne, which passes over the pulley at B, determine 
the magnitude of the resultant force the pin exerts on the 
jib at A for equilibrium, the tension in the guy line BC, 
and the tension T in the hoist line. Neglect the weight of 
the jib. The pulley at B has a radius of 0.1 m. 


Frora pulley, tension in the hoist line is 

(, +1*4 = 0; T(0.1) - 5(0.1) = 0; 


* ' C .1 


Frorn the jib, 



-5(5) + = 0 

y2X56 


T„ r = 16.4055 = 16.4 kN 


-Ay + (16.4055)(-==) - 5 = 0 
^27.56 


>ZF X =0; 


16.4055(—=5=) 
/27.56 


F a = A = 20.6 kN 


*5-44. The mobile crane has a weight of 120,000 lb and 
center of gravity at Gj; the boom has a weight of 30,000 ib 
and center of gravity at G 2 . Determine the smallest angle 
of tilt 8 of the boom, without causing the crane to overturn 
if the suspended load is W = 40,000 lb. Neglect the 
thickness of the tracks at A and B. 



When tipping occurs, R A = 0 


^+EAÍj = 0; -(3OOOO)(12 cosS-3)-(4OOOO)(27cos0-3) + (120000)(9) = 0 


8 = cos ‘(0.896) = 26.4° Ans 
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3 «S. rns tttaBile crane a B5s a weight of 120,000 !b and 

center of gravity at 6',; the boom has a weight of 10 000 Ib 
and center of gravity at C 2 . lf the suspended load has a 
weight of H/ = 16,000 Ib, determine the normal reactions 
at the tracks A and B. For the calculation, neglect the 
thickness of the tracks and take 6 = 30°. 


3ï%í ' 


= 0; - (30 000)( 12cos30° — 3) — (16 000)(27cos30° — 3) - (13) + (120000)(9) = 0 

R a = 40 931 lb = 40.9 kip Ans 

+ ÎZF=0i 40931 + Rg — 120000 - 30000 - 16000 = 0 




Rg = 125 kip 


5-46. The winch consists of a drum radius 4 in., which 
is pin-connected at its center C. At its outer rim is a 
ratchet gear having a mean radius of 6 in. The pawl AB 
serves as a two-force member (short link) and holds the 
drum from rotating. If the suspended load is 500 Ib, 
determine the horizontal and vertical components of 
reaction at the pin C. 


vSj- 3 in.-j 


Mri #' 


* 


Equations of Equilibrium : Thc force in short link AB can be obtained 
directly by sumraing raoracnts about point C. 


= 0, 500(4)(6) = 0 F t> = 400.62 lb 


—r ZF t = 0; 400.62|^— J-Q =0 

C, = 333 Ib 





tZF r = 0. C y -500 - 400.62 — =0 

IVÎ3J 


C, = 722 Ib 


~:c\o ~'î 
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5-47. The crane consists of three parts, which have 
weights of VV, = 3500 !b, W 2 = 900 lb, IV, = 1500 Ib and 
centers of gravity at G,, G 2 , and G,, respectively. 
Neglecting the weight of the boom, determine (a) the 
reactions on each of the four tires if the load is hoisted 
at constant velocity and has a weight of 800 Ib, and (b), 
with the boom held in the position shown, the maximum 
load the crane can lift without tipping over. 

Equations of Equilibrium : The normal reactìon N, can be obtained 
directly by sttmraing moments about potm A. 

Ç+2M„=0; 2N, ( 17) + W( 10) -3500(3) 

-900(11)- 1500(18) = 0 

N, = 1394.12-0.2941 IV [1] 

Using theresuli/V s = 2788.24-0.5882VV, 

+ ÎZ/ỳ=0; 2N a +(2788.24-0.58821V) - W 

-3500 - 900- 1500 = 0 

N Á =0.7941 vy+ 1555.88 [2] 

a) Sei W = 800 Ib and substttute mra Eqs. f 1J and [2) yields 

N Á =0.7941 (800)+ 1555.88 = 2191.18 lb = 2.19 kip A. 

N, = 1394.12-0.2941(800) = 1158.82 lb = 1.16lcip A. 



I--10 ft--I--4-8 ft- -f—6 ft — H I— 

3 ft I ft 

b) w h«' *e ctane is about to np over. the normal reacnon on N Ê = 0 
Frora Eq. [ 1 ], 

N, =0= 1394.12-0.2941 VV 
W = 4740 Ib = 4.74 kip 

35ccib 




_ 

. 

1 

Srft 



*5-48. The boom supports the two vertical loads. Neglect 
the size of thc collars at D and B and the thickness of the 
boom, and compute the horizontal and vertical 
components of force at the pin A and the force in cable 
CB. Set F t = 800 N and F, = 350 N. 



< - + LM * °’ —800(1.5 cos30°) - 350(2.5 cos30°) 


+ ÎEÇ = 0; 


+ 5 f cb ( 2 -5 81030”) + -F c ,(2.5cos30”) = 0 

F C> = 781.6 = 782 N A ns 
, 4 

--(781.6) =0 fl > 

5 —> 43 : 

T 

Aj, = 625 N J\ 


A y - 800 - 350 + |(781.6) = 0 
A, = 681 N 


ip" «OON\ 
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1 sm ih h Cable C 8 Can sustain a maximum load of 
__ b be A f , ore 11 fa,is - detcrmine the critical loads if 
i ~F 2 . Also, what is the ma ? nitude nf the maximum 
reaction at pm A? 



+ ZM. = 0; 


-+ZF, = 0; 


h TrF, = 0; 


-2F 2 (1.5 cos30°) - F 2 (2.5 cos30°) 

4 3 

+ — (1500)(2.5 sin30°) + -(1500)(2.5cos30°) 

F 7 = 724 lb Ans 

F, = 2F 2 = 1448 lb 
F, = 1.45 kip Ans 


A, - -(1500) =0 


A. = 1200 lb 


A y - 724 - 1448 + -(1500) = 0 



A, = 1272 lb 


F. = «'(1200)2 + (1272) 2 = 1749 lb = 1.75 kio 


5-50. Three uniform books, each having a weight VV and 
length a, are stacked as shown. Determine the maximum 
distance d that the top book can extend out from the 
bottom one so the stack does not topple over. 


Equilibrium : For top two books, the upper book wilt topple when the 
center of gravity of this book is to the right of point A. Thercforc, the 
nuximum distance from the right edge of this book to point A is o/2. 




Equation of Equilibrium : For the entirc thrce boolcs, the top two books 
will topplc about point B. 


+ ÏM,=0; = 0 


V/ IV 


a-rt <*- 
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5-51. The toggle switch cbnsists of a cocking lever that 

is pinned to a fixed frame at A and held in place by the / = v'(0.3) 2 + (0.4) 2 - 2(0.3)(0.4) cos 150° = 0.67664 m 
spring which has an unstretched length of 200 mm. 

Determine the magnitude of the resultant force at A and 8i ?„f _ sinl50 ° . g _ [j.gog» 

the normal force on the peg at B when the lever is in the 0 3 0.67664 

position shown. F, = ks = 5(0.67664 - 0.2) = 2.3832 N 

/ !• +£*Ct = 0; - (2.3832sin 12.808°) (0.4) + /V 4 (0.1) = 0 

N„ = 2.11327 N = 2.11 N Ans 

S+1F, =0; A, - 2.3832cos 12.808° = 0 

A, = 2.3239 N 

ZF y =0; Ay + 2.11327 - 2.3832sin 12.808° = 0 
Ay = - 1.5850 N 

F Á = V(2.3239)2 + (-1.5850)2 = 2.81 N Ans 



+5-52. The rigid beam of negligible weight is supported 
horizontally by two springs and a pin. If the springs are 
uncompressed when the load is removed, determine the 
force in each spring when the load P is applied. Also, 
compute the vertical deflection of end C. Assume the 
spring stiffness k is large enough so that only small +ZM _ 0 . 
deflections occur. Hint: The beam rotates about A so the 
deflections in the springs can be related. 



F ,(L) + F C (2L) - P(~L) = 0 


Dcflcctioii 


F > + 2F C = 

1 3P 

ÎÌU 

II 

A>+ 

&c — 2A 4 


& _ 2F > 


* “ * 


F c = 2 F, 


5 F„ = 1.5 P 


F a = 0.3 P 

Ans 

F c = 0.6 P 

An s 

0.6 P 

X C '~ 

Ans 



** . 2 
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5-53. The umform rod AB has a weight of 15 !b and the 
spnng ,s unstretched when 0 = 0°. If 6 = 30°, determine 
the stiffness k of the spring. 



G t om.trj : From mangle CDE, the cosme Uw gi ves 

1 ~ ’' ,2 ' 5362+ 1.732 2 -2(2.536)(1.732)cos 120 ° = 3.718 f t 

Using the sine Uw, 

sin a _ sin 120° 

2.536 " "3.718" “ = 36 ' 2 1° 

uirccuy oy suramuig raoraencs about point A. 

( +LM * = 0; I5cos30 °(1.5)-^cos36.21°(3) = 0 


F„ = 8.050 Ib 


Spring Force Formula: The 


spring streehesx = 3.718-3 = 0.718 ft 


; íi _ 8 050 

* ~ 0.718 = 


= 11.2 lb/ft 



& 36-2i‘ 


é>-pS~. 

Csjio 
-2 50, /( 




3-tanio' 
-/■7iz/ c 


5-54. The smooth pipe rests against the wall at the points 
of contact A, B. and C. Determine the reactions at these 
points needed to support the vertical force of 45 lb. 
Neglect the pipe's thickness in the calculation. 



I. + 1M Á = 0; 45cos30°(36) - 45sto30°(8) - 1^(20) + ^,(8 tan30°) = 0 


-Tr^ = 0; 


-+IF X = 0; 


+ ZF,- =0; 


J^cos30° - Rg cos30° - 45 = 0 


Rc = 63.91 = 63.9 lb Ans 

R, = 11.95 = 11.9 lb Ans 

IÇ, + 11.95 sto30° - 63.91 sìn30° = 0 
E - 26.0 lb Ans 


45sto30° - E cos30° = 0 
R, = 26.0 lb 



+ ZF y - = 0; 


-45cos30° + Rç - _ 25.98 sto30° = 0 


(. +IM C = 0; 45 cos30°(16) - R,( 20-8 tan30°) - 25.98(8cos30° + 20sto30°) =0 


R, = 11.9 lb 


Rc = 63.9 lb 
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*5-55. The horizontal beam is supported by springs at 
its ends. Each spring has a stiffness of k = 5 kN/m and is 
originally unstretched so that the beam is in the 
horizontal position. Determine the angle of tilt of the 
beam if a load of 800 N is applied at point C as shovvn. 


EquatioHt of BquiUbrium : The spnng foree at A and B can be obtained 
dirtcdy by summing moments about points B and A, tespecuvely. 

ZM S = 0; 800(2) -F A ( 3) = 0 F A = 533.33 N 

{+ZM a = 0; F, (3) -800( 1) = 0 F, = 266.67 N 



Spring Formula : Apptying d = - , we have 


533 33 

* = = 0.1067 ra 

* 5(10») 

. = 2ÍÉJ5Z = 0.05333 m 
‘ 5(10») 


Geometry : The angle of tilt a is 


, r0.05333 3 

a- tan"'^—-— J= 1.0 


*5-56. The horizontal beam is supported by springs at 
its ends. If the stiffness of the spring at A is k A = 5kN/m, 
determine the required stiffness of the spring at B so that 
if the beam is loaded with the 800 N it remains in the 
horizontal position.The springs are originally constructed 
so that the beam is in the horizontal position when it is 
unloaded. 


jl ,— 

j" 

-- 

r-1 m --| 

r — ■ 3 m — - 



Equatione of Equilibrium : The spring foroes atA and B can be 
oburned directly by sumraing moments about points B and A respectively. 

ZM, = 0; 800(2) -F t (3) = 0 F Á — 533,33 N 

(+1^=0; F, (3) -800(1) =0 F, = 266.67 N 


IVzTÌTj 

r 3 /Ç 




Spring Formula : Applying A = - , wc have 
k 


533.33 „ 266.67 

*< = ïïiôr 0 1067 ra = 


Geometry : Requires, d, = A,.Then 
266.67 


*, = 2500 N/m = 2.50 kN/m 
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5-59. A man stands out at the end of the diving board, 
which is supported by two springs A and B, each having 
a stiffness of k = 15 kN/m. In the position shown the 
board is horizontal. If the man has a mass of 40 kg, 
determine the angle of tilt which the board makes with 
the horizontal after he jumps off. Neglect the weight of 
the board and assume it is rigid. 



Eqtuuions of Equilibrium : The spring force at A and B can be obtained 
directíy by suranung moments_about points B and A, respectiveiy. 

C+1M,= 0; F t (1)-392.4(3) =0 F A = 1177.2 N 

("+ IM, = 0; F t (1) -392.4(4) = 0 F„ = 1569.6 N 


Spring Formula : Applying A = - , we have 


4CCW*ÎRÌ- 


I S / 


A a = 1177,2 = 0.07*48 m A, = lî6 ~ = 0.10464 ra 
x 15(103) 15(10>) 


Gtomttry : The angle of ólt a ú 


a = tan' 1 f' 


0.10464 + 0.07848 

ï 


j= 10.4° 


v ’ F 

K te 


*5-60. The uniform beam has a weight VV" and length 1 
and is supported by a pin at A and a cable BC. Determine 
the horizontal and vertical components of reaction at A 
and the tension in the cable necessary to hold the beam 
in the position shown. 


Equations of Equilibrium : The tetuion Ihe cable can be obaincd 
directly by suraraing moraents about point A . 

Ç+ =0; 7sin (f-8)l-Wcos 0^íj = o 


2sin (t-6) 


Using the result T- 


2sin (Ç-9) 


. ( Wcos6 V 

2F ‘ =0; 


VVcos Ocos $ 
2sín (b-6) 


tT _ „ . ( H'cos 6 ) 

■ ÎZF ' =0; A ' + Ì2^T^i)r í - H,=o 




>V(sin pcos 6- 2cos ŷsin 6) 
2sin (b-6) 
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5-61. The uniform rod has a length / and vveight W. (t 
is supported at one end A by a smooth wall and the other 
end by a cord of length í which is attached to the wall as 
shown. Show that for equilibrium it is required that h = 



° f The tension m the cabie can be 

obiunod diroctly by summinj momems sbout poim A 


(+ TAf, =0; 


■ Tsin *(/)-Wstn 9| 


Usmg the rcsult 7= ' Vsin 6 
2sin <p * 

+ trr _ n . H'sin 6 

'°- j-coste-*)-^ 

sinecos(9-*)-2sin*=0 

Geome'rj ; Applyutg the stne bw with sm (180“ - ô) = s in 0, , 


sin 0 sin 0 


sin ^ = -sin ^ 


Substjtuttng Eq.[2( into fl] yields 


cos (0-*) = — 


Using the cosine law. 


sêJ r 



( = b 2 +s 2 - 2hscos (6 -*) 


cos (0-tp) = 


A 2 + j J -/' 


Equaiing Eqs.[3) and [4] yields 


2h h 2 +s 3 - / 2 


(C.£.£>) 
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Suiôíïy.u^ánâlfehiíra-ialtiBapDtxfcíìtì kg and is supported on 
the smooth cylindricai surface by a spring having a 
stiffness of k = 400 N/m and unstretched length of 
/ 0 = 1 m. The spring remains in the horizontal position 
since its end A is attached to the small roller guide which 
has neeligible weight. Determine the angle 0 to the nearest 
degree for equilibrium of the roller. 



+ ÎLF y = 0: RsmO - 20(9.81) = 0 

A LF X = 0; Rcosd - F = 0 

20(9.81) 

tan S = - 

F 

Since cos 0 = —^ 



Solving, 


2.2 cos0 = 1.0 + 


20(9.81) 


400 tanfl 

880 sintì = 400 tan0 + 20(9.81) 

0 = 27.1° and 0 = 50.2° Ans 


5-63. The uniform load has a mass of 600 kg and is 
lifted using a uniform 30-kg strongback beam and four 
wire ropes as shown. Determine the tension in each 
segment of rope and the force that must be applied to 
the sling at A. 


1 .25 m 

n4 i 


/ 

\ 

M + a 

/ 

\ 

'■ \ ... ’i 


\ 


m 


43 R 


Equationi of Equilibrium : EXie id symmeny, all wires are subjected to 
the same tension. This conditton stansftes moment equilibnum about the x 
and y axes and force equilibnum along y axis. 


ZF,=0\ 47^^-5886 = 0 


T= 1839.375 N = 1.84 ItN Ans 

The force F applied to the sling A must support the weighi of the load and 
strongbadc beam. Hence 

ZF,= 0; 600(9.81) — 30(9.81) =0 

F= 6180.3 N = 6.18 kN Ans 


I r<eO0(i).ç,\ 

V T 568 ^ 
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Tr 4 ' J!l W ' ng °- th 7f 1 iìIK ? tl is su bjected to a thrust 
of /wwv«u aS (c MW i fi p % ,^q a |p 9íia o ffle re J sultam |ift 

kM If the mass of the wing is 2.1 Mg and the mass 

where !l at tÊ ™ Ìne thC X >’ z corn P one nts of reacfon 
whcre the wing is fixed to the fuselage at A. 


ii 

© 

-A, + 8000 = 0 

'V S 


A x = 8.00 lcN Ans 





T-Fy =0; 

'S = n Ans 


M 

II 

O 

- A t -20 601 + 45 000 = 0 



/\ ~ m ..^ 

_ 0 fní 



A ; = 24.4 lcN Aìu 

=0; My - 2.5(8000) = 0 

= 20.0 kN ■ m Ans 

ZMj =0; 45 000( 15) - 20 601(5) - M x = 0 

M x = 572 lcN-m Ans 
=0; M x - 8000(8) = 0 

Aíj = 64.0 lcN • m Ans 


5-65. The unilbrm concrete slab has a we, a ht of 5500 lb 
IXtermine the íension ,n each of the three parallel 

pïïri:™ ks * n ,h ' ,s hdd ■" ih “ 


x" ~6 ft 



Equaíions of Equilibrium : Thc cablc lcnsron T a can be obuincd 
dircctly by summing moments about they axis. 

XW,=0; 5.50(3)-r,(6) = 0 r,=2.75Idp An. 


m '= 0: r c (6) + 2.75(9)-5.50(6) =0 

T c = 1.375 kip 

^ = 0; r, +2.75+1.375-5.50 = 0 
T Á = 1.375 lop 


% 5 f^r 
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5-66. ihe air-conditioning umt is hoisted to the roof of 

a building using the three cables. If the tensions in the ^ = «; 
cables are T A = 250 Ib, T B = 300 lb, and T c = 200 lb, 
determine the vveight of the unit and the location ( x, y) of 
its center of gravity G. . ' 


250 + 300 + 200 - W = 0 


i 

H' = 750 lb Ans 


^ I T« - 3oo U* 
lLÎ. T<■ jooM) 

750(;t) - 250(10) - 200(7) = 0 


x — 5.20 ft Ans 3 . 



250(5) + 300(3) + 200(9) - 750(» 

= 0 



5-67. The platform truck supports the three loadings 
shown. Determine the normal reactions on each of its 
three wheels. 




1M, = 0; 380(15) + 500(27) + 800(5) - F A ( 35) = 0 

F Á = 662.8571 = 663 lb Am 
IMy = 0, 380(12) - F„( 12) - 500(12) + F c (12) ^ 

F c ~ F b = 120 \ 

= 0; F B + F c - 500 + 663 - 380 - 800 = 0 | 

F„ + F c = 1017.1429 


8 H / y 
1 - 2 ' ^ 

• o" r 


1 f ^ * 


F c = 569 Ib Ans 

F, = 449 lb Ans 
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v^.uslitìeas^i^^^gtìqçrequilibrium by a ball-and- 
socket joint A and a pulley and cord system as shown. 
Determine the x, y, z components of reaction at A and the 
tension in cable DEC if F = {— 1500k} lb. 



A, = 750 lb 
From FBD of pulley, 

ZF, =0; 2( ~)T- 

y96 


1 

-=( 1677.05) 

V's 



T = 918.56 = 919 Ib Ans 


5-71. The cable CED can sustain a maximum tension of 800 lb 
before it fails. Determine the greatest vertical force F that can 
be applied to the boom. Also, what are the x, y, z components 
of reaction at the ball-and-socket joint A1 
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5-74. The pole for a povver line is subjected to the two 
cable forces of 60 lb, each force lying in a plane parallel 
to the x-y plane. If the tension in the guy wire AB is 
80 Ib, determine the x, y. z components of reaction at tlie 
fixed base of the pole, O. 


Equations of Equilibrium: 

Y.F, =0; O, +60sin45” -60sin45° = 0 

O x = 0 Ans 

r/\=0; O, + 60cos45 n + 60cos45 n = 0 

O, - -84.9 Ib Ans 

£F, = 0; O- - 80 = 0 0 : = 80.0 Ib Ans 

ÎM, = 0; (M„), +800) - 2|60cos45°(l4)ì =0 

(M„), =948 Ib ft Ans 

ZM, = 0; (Mo), +60sin45’(14) - 60sin45‘ (14) = (I 

(M„)v =0 Ans 

EM, = 0; (M„)v + 60 sin 45°(I) - 60 sin 45°(1) = 0 

(Mo), = 0 Ans 

5-7S. Member AB is supported by a cable BC and at 

A by a square rod which fits loosely through the square 
hole at the end joint of the member as shown. Determine 
the components of reaction at A and the tension in the 
cable needed to hold the 800-lb cylinder in equilibrium. 


/ 3 . 6 . 2 ,\ 

Foc = E b c I^i — tjìF 

T F x = 0; r„tQ)=0 

F bc = 0 Ans 

YF, = 0; A, = 0 Ans 

YF. =0; A : =80016 Ans 

IM,=0; (M„), -800(6) =0 

í.M,ì. = 4.80 kip II Ans 

ÏM,=0; (M,), =0 Ans 

ZM,= 0; (M.,),=() Ans 



S00 lb 
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5-77. Both pulleys are fixed to the shaft and as the sh 
turns with constant angular velocity, the power 
pulley /1 is transmitted to pulley fí. Determine t 
horizontal tension T in the belt on pulley fí and the x 
z components of reaction at the journal bearing C a 
thrust bearing D if 0 = 0°. The bearmgs are in prop 
alignment and exert only force reactions on the shaft. 

Equations of Equilibrium : 


ÏM' =C 

1; 65(0.08)-80(0.08) + r{0.15) - 

T= 58.0 N 

50(0.15) =0 

Ans 

ZM, =0 

■ (65 <-80)(0.45)-q (0.75) =0 

Ç = 87.0 N 

Ans 

£ 

II 

o 

(50+ 58.0)(0.2) -C, (0.75) = 0 
q = 28.8 N 

Ans 

I/j = 0; 

D' =0 

Ans 

IF, =0; 

£>,+28.8-50-58.0 = 0 

D, = 79.2 N 

Ans 

XF x =0; 

£5+87.0 - 80 - 65 = 0 
£>, = 58.0 N 

Ans 


z 
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5-78. Both pulleys are fixed to the shaft and as the shaft 
turns with constant angular velocity. the power of 
pulley A is transmitted to pulley fi. Determine the 
horizontal tension T in the belt on pulley fi and the x, v, 
z components of reaction at the journal bearing C and 
thrust bearing D if $ - 45°. The bearings are in proper 
alignment and exert only force reactions on the shaft. 


Equations of Equilibrium : 

1M X =0; 65(0.08) -80(0.08) + 7(0.15)-50(0.15) = 0 

7=58.0N Ans 



£M, =0; (65 + 80) (0.45) - 50sin 45° (0.2) — Ç (0.75) = 0 

Q = 77.57 N = 77.6 N Ans 

=0; 58.0(0.2) + 50cos 45° (0.2) -C, (0.75) =0 

C ,=24.89 N = 24.9 N Ans 


0-3 0 i5ir)-k 


I F, =0; D y + 24.89 - 50cos 45° - 58.0 = 0 

A = 68.5 N 


> #>4 

C ï 30rl 


\ t 


2JÎ=0; A + 77.57+ 50sin 45° - 80-65 = 0 
A =32.1 N 
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smooth journaíbearLgs. Gsmpij^ the 'x'y, ^components 

íssriT ;, " ignmen, ” d »"'”'^™ 



F, = (-300cos45°j - 300sin45°k) 

= {-212.lj - 212.1k}lb 

F 2 = ( 250 cos45°sin30°i + 250 cos45°cos30°j - 250sin45°k) 
= {88.39Î + 153.lj - 176.8k}lb 
ZF X = 0; A x +B X + 88.39 = 0 

LF y =0; A y +C y - 212.1 + 153.1 = 0 

LF t = 0; B, + C, - 212.1 - 176.8 = 0 

LM X = 0; -B,( 3) - -4,(4) + 212.1(5) + 

ÏMy = 0; C t (5) + 4,(4) = 0 

LM, = 0; 4,(5) +F,(3) - C(5) = 0 



633 lb 

Ans 

-141 lb 

Ans 

-721 lb 

Ans 

895 lb 

Ans 

200 lb 

Ans 

-506 lb 

Ans 


246 




www.usacingenieria.blogspot.com 
* 5 - 80 . The bent rod is supported at A, B, and C by 
smooth journal bearings. Determine the magnitude of F 2 
which will cause the reaction C v at the bearing C to be 
equal to zero. The bearings are in proper alignment and 
exert only force reactions ™ th e rod. Set fj = 300 lb. 



F, = (-300cos45°j - 300sin45°k) 

= {-212.1J - 212.1k)lb 

F 2 = (F 2 cos45 0 sin30 0 l + F 2 cos45°cos30°J - F sm45°k) 
= {0.3536/5 i +0.6124FJ - 0.707 lF 2 k)lb 


JS 

II 

p 

A x +B X + 0.3536FJ = 0 1 

£ 

II 

o 

h ‘ 

A, +0.6124/Î - 212.1 = 0 

-0; 

8, + C, - 0.7071/5 - 212.1 = 0 

IM X * 0; 

-8,(3) - A,(4) + 212.1(5) + 212.1(5) = 0 

TMy = 0; 

C,(5) + A,(4) = 0 

lM t = 0; 

A,(5) + 8,(3) = 0 



A x = 357 lb 
\ = -200 lb 
B x = -596 lb 
B t = 974 lb 
C, = -286 lb 
Fy = 674 lb 


5 - 81 . The silo has a weight of 3500 Ib and a center of gravity at 
C. Determine the vertical compenent of force that each of the three 
struts at A, B, and C exerts on the silo if it is subjected to a resultant 
wind loading of 250 lb which acts in the direction shown. 


x 

Top view 


30" 

F - 250 lb 



^ 30 " 

F = 250 Ib 


Sei the coofdinste- axes system st the bue of the «Uo with the origin at pointO. 

0; fl,(5sin60°)-Ç(5sin60 o )-250sin30 o (15) = 0 

4.3308, -4.330Ç-1875 = 0 [lj 

IM, =0; 8,(5cos60°) + <^(5cos60°) -4,(5) + 250cos30°( 15) = 0 

2.58, +2.5Ç- 54, +3247.6 = 0 [2J 

IF t =0; A,+8, +C, -3500 = 0 [3] 

Solving Eqs.[l]. [2] and [3] yields : 

8, = 1167 tb C t = 734 ib A, = 16001b An. 
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w1^v^feací^e^f¥?@.bt^si^cau}îî(iii®rted at A by a ball-and- 
socket joint and by two cables BDC and CE. Cable BDC 
ts continuous and passes over a pulley at D. Calculate the 
tenston ,n the cables and the x, y, , components of reaction 
at A if a crate has a weight of 80 Ib. 


3 ft 

Y D I 



4 ft H 


_ (31 - 12j + 6k) 

- r CE , -—' == 

yjy + (- 12)2 + 6 2 

= { 0.2182F„I - 0.8729F c£ j + 0.4364F CE k} lb 


(-31 - 12J + 4k) 
j (—3)2 + (- 12)2 + 42 




= { -0.2308F jdc I - 0.923 1F jdc J + 0.3077F JDC k} lb 
(-31 - 4J + 4k) 

r ID - r BDC "r— ■' . =. 

y (—3)2 + (—4)2 + 42 

= 3ỳ DC (-0.4685l - 0.6247J + 0.6247k) 

ZM, = 0; F JDC (0.6247)(4) + 0.4364F CJ (12) + 0.3077F JDC (12) - 80(12) = 0 

= 0; 0.4685F jdc ( 4) + 0.2308F JDC (12) - 0.2182F cf (12) = 0 

^bdc = 62.02 = 62.0 lb Ans 

F CI = 109.99 = 110 lb Ans 

XF, =0; A x + 0.2182(109.99) - 0.2308(62.02) - 0.4685(62.02) = 0 
A, = 19.4 lb Ans 

EÇ = 0; A, - 0.8729(109.99) - 0.9231(62.02) - 0.6247(62.02) = 0 
A, = 192 lb Ans 

IJ} = 0; A, + 0.4364(109.99) + 0.3077(62.02) + 0.6247(62.02) - 80 = 0 
A, = -25.8 lb Ans 
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v^.us îfô ia M Bq g i §tiìi p a?fôîf .g9r Sba|i . and . socket jojnt a( 
A and a cable at B. Determine the x, y , z components of 
reaction at these supports if the rod is subjected to a 
50-lb vertical force as shown. 



ZF' « », 

-T, *\ • 0 

ZF, « 0 

A, + 8, • 0 

ZF, • O, 

- SO + \ • 0 

LM„ « 0; 

30(2) - B, (4) . 0 

ZM a , • O, 

50(2)-Ji(4)«0 

• 0, 

«,(2) - T,(2) « 0 


Sotving, 



TSSSSmísï 

SrSrina 6 j0Urna ' b6arÌng ^ and '‘hrusTbeari n ng B 

reactions on thTshTT^ a '' 8ned 3nd eXen ^ force 


Equauons of Equilibrium . 


IM, =0 

: fl, (28)-50(14) =0 B, = 25.0 Ib 

Ans 

1«, =0 

: / > (8) -50(10) = 0 p = 62.5 lb 

Ans 

O 

II 

ar 

B x (28) -62.5(10) = 0 



= 2232 Ib = 22.3 Ib 

Ans 

£ 

II 

o 

«2.5 + 22.32-4, =0 A, - 84.8 lb 

Ans 

£ 

II 

o 

B, =0 




Ans 

I/Ç =0; 

4,+25.0 - 50 = 0 4^ = 25.0 Ib 

Ans 



* 50 ib 


>4tn . 6j 


5-87. rhe platform has a mass of 2 Mg and center of mass 
located at G. If it is litted using the three cables, determine 
the force in each of these eables. Solve for each force by 
using a single moment equation of equilibrium. 




F AC - Fbc 


tMy = 0 ; 


3(9.81)(2) - - 5 F ac (6 ) - íf >c(6) = o 


F \c = F, c = 6.131 = 6.13 kN An 

7 

í(6.131)(6) - 3(9.81)(3) + F DE ( 3) = 0 


Any 



ìv,e = 19.62 = 19.6 kN 


4 4 

-(6.131) + -(6.131) + 19.62 - 3(9.81) = 0 Check ! 
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*5-8Hvw.tJïeop1gabiÉmaítísi9etMià«om 2 Mg and center of 
mass located at G. If it is lifted using the three cables, 
determine the force in each of the cables. Solve for each 
force by using a single moment equation of equilibrium. 



™y “ °l F de (6) - 2(9.81)(4) = 0 


F de = 13.1 lcN 


F * c . I F,« 



0; ««-(r^x r, c ) + u„ (r Ac x W) = 0 


-0.8944 0.4472 0 

0 6 0 

0 -0.6 F, c 0.8 F, c 


1-0.8944 0.4472 


4472 0 

3 0=0 

0 -19.62 


-0.8944(6)(0.87ì c ) - 0.8944(3)(-l9.62) - 0.4472(-4)(_19.62) = 0 


F,c = 4.09 kN 


’ 0; u « ’ Cr^ x F„ c ) + u u • (r,„ x W) = 0 


1-0.8944 -0.4472 0 -0.8944 -0.4472 0 

0 -6 0 + -4 -3 o 

I 0 0.6F ic 0.87, c o 0 -19.62 


-0.8944(-6)(0.8 F ic ) - 0.8944(-3)(-19.62) + (0.4472)(-4)(-l9.62) = 0 


F ic = 4.09 kN 
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5-90. The pole is subjected to the two forces shown. 
Determine the components of reaction at A assuming it 
to be a ball-and-socket joint. Also, compute the tension 
in each of the guy wires, BC and ED. 



F 2 = 450 N 


.Ç 6 m 


Force Vector and Position Vectors : 

= A,i+A,j+A,k 

F| = 860 (cos 45°i - sin 45»k} N = {608.11 i - 608.11 k) N 

Fj = 450{-cos 20°eos 30 ,, i + cos 20°sin 30°k-sin 20°k} N 
= {—366.211 + 211.43j— 153.91k} N 


j=faj (-6-0)i + (-3-0)j + (Q-6)k 

L V(-* — °) 2 + (— 3 — 0) 2 + (0 — 6) 2 
- 2 . 1 . 2 
~~jF a ,t--F eD j--F a} k 


r- = g í (*-0)i + (-4.5-0)j + (0-4)k ~ 

[V( 6 -0) 2 + (-4.5-0) J + (0-4) J 
_ 12 . 9 8 

~n F ’ ci ~v F,cí ~ŷj F ic* 

={4k}m rj = (8k}m r,={6k}m 


Momcni cquiiibrium requircs 

IM^O; r, xF, c + rjX(F,+Fj) + r,xF £i) = 0 

4kX (î7 F * cÌ_ Ì7 /icj "^ f ' ck ) 

+ 8kx(241.90i + 211.43j-762.02k) 

+ 6k X (-jf*D* - j/ìûj - jfojlc j = 0 

Equating i J and k components. w c havc 


TM x =0: —F, c + 2FJJ,-1691.45=0 

^=°; ^, c -47^+ 1935.22 = 0 


Solvmg Eqs. [4] and (5J yields 

F, c = 205.09 N = 205 N F m = 628.57 N = 629 N Ans 


Equations of Equilibrium : Forceequilibnum reqmres Substìtuóng the results mto Eqs.JlJ, (2J and [3] yidds 

Fa +F, +F : +F 12 , + F, c =0 A,=32.4N A, = 107 N A, = 1277.58 N = 1.28 

^+608.11-366.2!--^ + ^) T 

+(^+ 211 . 43 - 1 ^- 1 ^) \L&. 

+ (^-608,,-,53.9,-Ijfc-^V-o 


kN Ans 


Equaung i.j and k components, we have 


8 3 

~ŷjF.c)k = i 


'ï h. 

\ xm 


= ° ; ^ + 608.U-366.21-1f £d + ^ c=0 

^=0; A,+211.43-1^-1^ = 0 
V"* - 608.11 -153.91 -fj^ _ jjF, c = 0 
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5-92. Determine the horizontal and vertical components 
of reaction at the pin A and the reactìon at the roller B 
required to support the truss. Set F = 600 N. 



° f Equi,ibrium ^ "O™*' N, can be obuúned 
directJy by summuig raomems aboutpomt/t. 

C + ™a =°: 60° (6) + 600(4) + 600(2) ~N,cos 45° (2) = 0 

N, =5091.17 N = 5.09 kN 



A x - 5091.17cos 45° = 0 


A , = 3600 N = 3.60 kN 

+ tZF, =0; 

509I.17sin 45»-3(600) -A, 


A , = 1800 N= 1.80 kN 


.J, J j 2/r) 

éooN bOoN ÍOON 


5-93. If the roller at B can sustain a maximum load of 3 
kN, determine the íargest magnitude of each of the three 
forces F that can be supported by the truss. 



Equatioiu of Equilibrium : The unknowns A, and A, can beeliminattd 
by summing moraents about potnt A. 

Ç+1M„=0-, F(6) + F( 4) + F(2) - 3cos 45'(2) = 0 

F= 0.3536 kN = 354N Ans 
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w 5V$l us ¥ì' n & en 'P na .bl 0 9 s P 0tC0m 
horizontal !*STÏ““ *'oollerot and 

«qoilibrinmof^^Xr P ° n “ K “ l*> * for 


-—0.6 m—--—0.6 m—-J 


^T b ,^ «"‘«ob^ed 

(+ 1M a = 0; 10(0.6+ 1.2coï 60°) + 6(0.4) 

~ N * (12+ 1.2ox 60°) = 0 
^ = 8.00 kN 




0.4 m 


-^=0; - 6cos 30° = 0 ,.. JJOkN Ans 

^£7)-0; 5, +8.00-6sin 30°-lo = o 


5, = 5.00 lcN 



*5-95. The symmetrical shelf is subjected to a uniform 
oad of 4 kPa. Support is provided by a bolt (or pin) 
ocated at each end A and A' and by the symmetrical 
brace arms, which bear against the smooth wall on both 
sides at B and B'. Determine the force resisted by each 
b°lt at the wal1 and the normal force at B for equilibrium. 


:vv : 




Ìfc|_4 kPa 

«.V-l—r r i 




Equations of Equilibrium : Each shelf s post at its end supports half 
of the applied k>«d, ie, 4000(0.2) (0.75) = 600 N.The norroal reaction N, 
can be obtained directly by suraming moments about point Á. 

Ç+ZM,=Q; N, (0.15)-600(0.1) = 0 W,=400N Ans 




O.I5mW^ 



■AXC : Jjí)(b-jýj-bOC tJ 
1- g-/»i I O /=■ I 


->2fî=0; 400 - A, = 0 A,=400N 

+ î ZÇ = 0; Aj -600 = 0 A r =600N 

The foree resisted by the bolt at A is 


0-l5*\ Av 


F a =VÂJ+Â^=/^+6ÔÔ2 = 721N 
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5 - 96 , 


the 


BD 


Determine the x and z components of reaction at 
urna earmg A and the tension in cords BC and 
necessary for equilibrium of the rod. 




= {0.6t> o j + 0.8F JD k) N 


ZF, 

= 0 ; 

A x = 0 

Ans 


= 0; 

350-0.6t> c 

+ 0 .6F bd = 0 


= 0; 

A, - 800 +C 

>.8F ÍC + 0.8 F bd = 0 

IM X 

= 0; 

K. + 0.8/ì 

,o(6) + 0.8/> c (6) - 800(6) = 0 

IM, 

= 0 ; 

800(2) - 0.8/> c (2) - 0 .8 /> d (2 ) = 0 

IM' 

= 0 ; 

K, ~ 0.6F, C 

(2) + 0.6^*(2) = 0 


Fgo 

= 208 N 

Ans 


F.c 

= 792 N 

Ans 


\ -- 

= 0 

Ans 


K, 

= 0 

Ans 


K, 

= 700 N -ra 

Ans 






Equations of Equilibrium: The normal reaction N„ can be obtained 
airecuy by summing moments about point A. 


+ T,M a =0; N b (7) — 1400(3.5) — 300(6) = 0 

N b = 957.14 N = 957 N Ans 

Ag - 1400 - 300 + 957 = 0 Ag = 743 N 

~*EF X = 0; A x = 0 Ans 


200(7) = 1400 N J-(200)(3) = 300 N 

I Z I 



5-98. Detemune the x, y, z components of reaction at 
the ball supports B and C and the ball-and-socket A (not 
shown) for the uniformly loaded plate. 


W = (4 ft)(2 ft)(2 lb/ft 2 ) = 16 lb 
E,F X = 0; A x = 0 Ans 



'LFy = 0; A y = 0 Ans 
EF z =0; A z + B, + C Z —16 = 0 (1) 

EM x =0; 2B Z — 16(1) + C z (l) = 0 (2) 

EM y =0; - B z (2) + 16(2) - C ; (4) = 0 (3) 

Solving Eqs. (1)—(3): 

A z = B Z =C Z = 5.33 lb Ans 



\ 
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^^^. US ^5ÍílSrrTÌm^'Me®®.P°*'í' < c , omponents of reaction at 
the fixed wall /t.ïhe 150-N force is parallel to the z axis 
and the 200-N force is parallel to the y axis. 


ílquations of Equilibrium : 


ïfî =0; 

© 

ii 

Ans 


M 

II 

© 

A, +200 = 0 ^=-200^ 

Ans 


i3 

II 

O 

Aj - 150 = 0 Aj = 150N 

Ans 


=0; 

(U A ),+ 200(2)- 150(2) =0 
(U A ) X = -100 N • m 

Ans 

-e* 

JB 

n 

© 

(M t ), ~ 0 

Ans 


© 

n 

ï 

(*(,), +200(2.5)-0 


/ 


(«j) t «-500N■ m 

Ans 

X 







^ e ." e *“ Ve *“ «■dútcnoaof die reoeoon 

« m Ihe oppojue jenje of tìioie >hown on FBD. 


5-100. ITie horizontal beam is supported by springs at 
itsends. If the stiffnessof the spring at A is k A = 5 kN/m 
determine the required stiffness of the spring at B so that 
if the beam is loaded with the 800-N force, it remains in 
the horizontal position both before and after loading 


Cquiiibriuni: 

F,(3)-800(I)-6~ F, » 26é.67 N 
(+IA*»0; *00(2)-^,(3) »0 F A » 533.33 N 

Spnng force formula ; x » — 

^ t toenJ 

X A ~ x , 

333.33 _ 266.67 
3000 ~ i, 

* 2500 N/m = 2 30 lcN/m Am 
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6-1. Determine the force in each member of the truss 
and stite if the members are in tension or 
compresston. Set />, = 800 Ib and P 2 = 400 Ib. 


Mtthoi o} Joints : In thu asc, the 
detemmuig the meraber foraa. 


suppon rcactiotu 


are not rcquíred for 


Joint B 


-0, F, c cos 45°-/ 


•©- 


400 = 0 

+ î^=0; /i c 4in45<' + ^gj_ goo = 0 

Solvtng Eqs.flJ and [2] y*Jds 

f , a =285.71 Ib (T) = 286 Ib fn 
F ,c = 808.12 Ib (T) = 808 Ib (T) 

Joint C 


flj 

[ 2 ] 


Ans 

Ans 


Ans 


~* tF - = ° : f ca - 808.12cos 45“ = o 
f ca = 571 lb (C) 

+ =0; Ç-808.12**5“ = 0 

<;=57l Jb 

Nole.-rbesupponraacdons^ and can be determmed by analyzing 
Jomt^ usmg the results obtained above. S 
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6-— Detc.'rmine the force on each member of the 
truss and state it the members are in tension or 
compression. Set P. = 5CX) Ib and P z = î00 Ib. 


Meihod of Jointt : In this case, the support reacaons are not required for 
deterratning the raeraber forces. 

Joint 3 


Joint C 


4 1F â = 0; 

F Jc cos45°-/; /( ^j-100 = 0 

(1) 

+ T = C 

Ji c sin45° + /Ì, Qj-500 = 0 

[2] 

i.[l] and [2] yields 


Fêa 

= 285.71 lb (T) = 286 Ib (T) 

Ans 

F,c 

= 383.86 lb (T) = 384 lb (T) 

Ans 

^ ZF X = 0; 

Fca - 383.86cos 45° = 0 



Fca = 271 lb (C) 

Ana 

+ ÎZF r =0; 

C, -383.86íli|45° = 0 



C, = 271.43 Ib 



Note : Thc support reacúons A x and A, ean bedeterrarned by tutalytttng 
Joint/4 usuig the resuits obtained abovt 



8 ll 
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t , 6 1 1rUSS ’ USed ‘° su PP° rt a balcony, is subjected 
to the loading shown. Approximate each joint as a pin 
and determme the force m each member. State whether 

™ “ nsi ° n or “”P r “»«. Se. 



Joint A : 


+ = 0; f ad sin45°- 800=0 


->ZF X = 0; 


Joint B : 


= 0 ; 


Joint D : 


F ad =1131.4 lb = 1.13 ldp(C) Ans 


F ab - 1131.4cos45° = 0 


F ab = 800 Ib (T) 


+ ÎLF y =0; F o=0 


Frd — 0 


~ 800 = 0 


F bc = 800 lb (T) 


+ ÎIF y _0; /Î, c sin45 0 - 0 - 1131.4sin45° = 0 


I b 


F dc - 1131.4 lb = 1.13 ldp (T) Ans 

+ 

= 0; 1131.4cos45° + 1131.4cos45° - F DE = 0 

F de = 1600 Ib = 1.60 kip (C) Ans 


l/?1.4 U, 


® F p , 
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6-6 Assume that each member of the truss is made of 
steel having a mass per length of 4 kg/m. Set P = 0, 
determine the force m each member, and indicate if the 
members are m tension or compression. Neglect the 
weig o t e gusset plates and assume each joint is a pin. 
o ve the problem by assuming the weight of each 
member can be represented as a vertica! force, half of 
wh,ch is applied at the end of each member 


Joint Forces : 


^4(, 81 )^^ôj =166 22N 

F > =4(9.81)(2 + 2+l) = 196.2 N 


= 4(9.81)^ 
= 4(9.81)1 


’*#)- 


[J = 302.47 N 
166.22 N 


M'thod ofjoints : In this casc, the 
determinmg the member forces. 


suppon reacaons are not rajuired for 


Joint A 


+ t Uŷ = 0; F h 1 


166.22 = 0 
= 371.69 N(C) = 372 N (C) Ans 

5 ,- 371 . 69 ^ = 0 

Fai = 332.45 N (T) = 332 N (T) Ans 


Joint B 


‘ ZF .=0: Pg c ~ 332.45 = Q F sc = 332 N 


(^) An 


+ T ^=0; F J£ -196.2 = 0 

f .e = 196.2 N (C) = 196 N (C) Ans 

Joint E 

^ ^' =0: ^ 36.87»-(196.2 + 302.47)«, 26,57« = 0 

f ec - 537.53 N (T) = 558 N {T) A|u 

= ° : 371.69 + (196.2 + 302.47) s i n 26.57° 

+ 557.53sin 36.87°-f)„ = 0 
7^= 929.22 N (C) = 929N(C) Ans 


Joint Z) 


+ t ZF = 0; - 929.22 — 


IVsJ 

F dc = 582 N (T) 


-166.22 = 0 


Ans 


0; 4-929.22 




= 0 4 =831.12 N 


Note : The support reactions C, and C y can be determmed by analyzing 
Joint C using the results obtained above. 


2P 







>v> 




266 




267 






www.usacingenieria.blogspot.com 



268 



www.usacingenieria.blogspot.com 


*6-8. Determine the force in each member of the truss 
and state if the members are in tension or compression 
Set P, = 2 kN and P 2 = 1.5 kN. ' 



,Uppon ^ 0 ™ « "<>< rrquimi for 


Joint C 


+ Î£F, =0 

F c ,sin 30°-1.5 = 0 



F c , =3.00lcN(T) 

Ans 

-+ ZF X = 0; 

F C o - 3.00cos 30° = 0 



F co = 2.598 kN (C) = 2.60kN (C) 

Ans 

D 



^>ZF X =0; 

F oc - 2.598 = 0 F oe = 2.60 kN (C) 

Ans 

+ =0; 

F a ,-2 = 0 F at = 2.00kN (1) 

Ans 


Joint B 

J^ =0; F tf cos 30°-2.00cos 30° = 0 

Pbb - 2.00 kN (C) Ans 

N^V=0; (2.00+2.00) sín 30°+ 3.00-/^ =0 

F ‘* = 5.00 lcN (T) Ana 

Note : The support reactions at supponA and £ can bedetemtined by 

anaiyzing Jotnts A and £ respecúvely using fte results obuûned above 


<r 
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6-9. Determine the force in each member of the truss 
and state it the members are in tension or compression 
Set /’, = /> : = 4 kN. 



Mtthod of Jointi : In this cass, the suppon reachons are not required for 
acicrmuimg the mcmber forces. 


+ ÎI^=0; F ca sin 30®-4 = 0 

F c , =8.001cN(T) Ans 

^ = 0; F co - 8.00cos 30” = 0 

F cd = 6.928 kN (C) = 6.93 kN (C) Ans 



-♦^=0; F de - 6.928 = 0 


F oe = 6.93 kN (C) Ans 


+ ÎZ^-0; F db -4 = 0 F OÍ =4.00kN (T) 


r ct -C,-9l atr.v 


T-Fy - 0; F le cos 30”-4.00cos 30” = 0 
f ,e = 4.00 kN (C) 

\-ZF, =0-, (4.00+ 4.00)sin 30“ + 8.00- F aA = 0 

F, a - 12.0 kN (T) 

Note : The support reactions atsupportA and £ can be derereninrd by 
anaiyzang Joutts A and £ respccuvdy ustng the resulu obutnli 


obtaûied above 



*8‘00 ïd 


rpg'4 00 
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6 - 10 . . 


^ member of the tniss 
Set P x = 0, p 2 = 1000 )b m tension or c °nipression. 


Reactions at A and D : 

A x = 0 
Ay = 333.3 lb 
û, = 666.7 Ib 

Joint A : 

= 0 ; F in - 


I - B c XÏL*. 

h-10 ft-- --10 ft-- --10 fi* - — J 


+ ÎZJJ =0; 


Joint B : 


Joint D: 

AlF = 0; 


+ = 0 ; 


Joint E : 

^ZF X = 0; 


+ ÎZf y =0; 


Joint C: 


+ ÎZF, =0; 


f ab ~ F ag cos45° = 0 
333.3 - /^ c sin45° = 0 
F ag =471 lb (C) Ans 

F ab = 333 lb (T) Ans 

f bg = 0 Ans 

F bc = 333 lb (T) Ans 

~ f dc + f de co s45° = 0 
666.7 - /^ £ sin45° = 0 
F de = 942.9 = 943 Ib (C) 

F dc = 666.7 = 667 lb (T) 

F eg - 942.9sin45° = 0 

-F ec + 942.9cos45° = 0 

F ec = 666.7 = 667 lb (T) 

F eg = 666.7 = 667 lb (C) 

F cc cos45° + 666.7 - 1000= 0 
F =471 lb (T) 


3 

. F/tc, 

® 

jX*S' 

/ 

' V«e 


333314 » 




fee = 333U(T) 


Fsc 

íbi.iu 



f ec \ ^2.^14 


/%., ' tu-iu 


3£JU< 


i® 

1,00011 
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Reactions at A and D : 

A x = 0 

A, = 833.33 lb 
D y = 1166.67 lb 

Joint A : 


10 ft 


- y/i 

>\--0 

»\. 

\LZ _ 


\a) 

B 

C 

| 

' 

p 

» > 

r 


-+2^ = 0; 

f ab - f ag c °s45° = 0 


+ îa; =o; 

833.33 - J^ c sin45° = 0 



F ag = 1178.51 = 1179 lb (C) 

Ans 

Joint B : 

F áb = 833.33 = 833 Ib (T) 

Ans 

-+»V = 0; 

F bc -833 = 0 


-f- 

II 

p 

F bo - 500= 0 


Joint D . 

F bc = 8." lb (T) Ans 

F bg = 500 lb (T) A ns 


-+2JÎ = 0; 

"'bc + J7 ) £ cos45° = 0 


+ ÎZÇ =0; 

1166.67 - J^jSin^S 0 ^ 0 



F de = 1649.96 = 1650 Ib (C) 

Ans 

Joint E: 

f dc = 1166.67 = 1167 lb(T) 

Ans 

^ = 0; 

F eg - 1649.96sin45° = 0 


+ T ZD y = 0; 

~F ec + 1649.96cos45° = 0 



F ec = 1166.67 = 1167 lb(T) 

Ans 


F eg = 1166.67 = 1167 lb (C) 

Ans 

Joint C: 

+ î^ v =0; 

/c C cos45° + 1166.67 - 1500= 0 

F C , 


F cg =470.93 = 471 lb (T) 

«í 

8 

Ans 








*S 

'èï?.s f y 



F.r- Ì 





ttíá.l \b 



i roo-tb 
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each membe, of the „„„ 

S.° “»ï T m ™“ e ” 

S>et / > i - 100 lb, P 2 = 200 Ib, P 3 = 300 lb. 



C+1M a = 0 ; 
+ î lF y =0; 


200(10) + 300(20) - cos30°( 30) = 0 

Xd = 307.9 lb 

- 100 — 200 - 300 + 307.9 cos30° = 0 
Ay = 333.4 lb 



ASP, = 0; 


A, - 307.9sin30° = 0 


A x = 154.0 lb 


Joint A : 


+ ÎZF y = 0 ; 


-+I F t = 0; 


333.4 - 100 - \=F ab = 0 

V2 

= 330 Ib (C) 

154.0 + F af - -j=(330) = 0 

fl 

f af = 79.37 = 79.4 lb (T) 


Ans 


Ans 





Con'd 


%P\ 




^ww|y.^sac[açieni.eiîíá.t)logspot.( 
Joint B : 


+ ÎI F y = 0; 


-»I F = 0; 


Joint F : 


+ ÎI F y = 0; 


Joint E : 

-+I F = 0; 


+ ÎI F y = 0; 


'Joint C: 


->IF r =0; 


+ Tl F y = 0; 


— (330) - F bf = 0 

F 

F bf = 233.3 = 233 lb (T) 
1 


f 2 


(330) - F bc = 0 


F bc = 233.3 = 233 lb (C) 


F fc - 200 + 233.3 = 0 

/2 


F fc = 47.14 = 47.1 lb (C) 


AlÇ = 0; F f£ - 79.37 - — (47.14) = 0 


V* 


F fe = 112.7 = 113 lb (T) 


Ans 


© 

r >C _r “ 

33o.ûU) rSF 


Ans 


Ans 233 .U 0 


u \/Ý' 


pc 


7î.37t(, 

*-^ p. 


l® 

200«) 


Ans 


F ec = 300 lb (T) Ans 

F ed = 112.7 = 113 lb (T) Ans 


4= (47.14) + 233.3 - ~F CD = 0 

/2 V 2 


F cd = 377.1 = 377 lb (C) 


Ans 


1 1 

— (47.14) - 300 + —(377.1) = 0 

f2 p 


112.7U, T 
3oao 


2 33 . 3 «; © 

Hll'tlí ' Ft!> 

Check! 
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6-15. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set ?! = 400 lb, P 2 = 400 lb, P 3 = 0. 



u TM a = 0: 


+ m y =°; 


-400(10) + Íkcos30 0 (30) = 0 
Ro = 153.96 lb 

A -400 - 400 + 153.96 cos30° = 0 


Ay = 666.67 lb 


1>ÏF X = 0; A* - 153.96sin30° = 0 


A, = 76.98 lb 


A*l 3ooife + 

* 34 ° 


Joint A : 


+ ÎIF y =0: 


666.67 - 400 - -j=F AB = 0 


F ab = 377.12 = 377 Ib (C) 


AZJÌ = 0; 76.98 + F af -U 377.12) = 0 




Joint B 


F af = 189.68 = 190 lb (T) 


+ ÎXF y =0; 


— (377.12) - F bf = 0 

{2 


F rf = 266.67 = 267 lb (T) 


#1 




-+ZF = 0; 


-p(377.12) - F flC = 0 


Fa r = 266.67 = 267 lb (C) 
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*6-16. Determine the force in each member of the truss. 
State vvhether the members are in tension or 
compression. Set P = 8 kN. 



Joint D 

+ Tj ^=0; F Dc s in60°-8 = 0 

f dc = 9.238 kN (T) = 9.24 kN (T) Ans 

^ = 0; F D[ - 9.238cos 60° = 0 

F oc = 4.619 kN (C) = 4.62 kN (C) Ans 


Joint C 


+ Î1F ,= 0; F cs sm 60°-9.238sin 60° = 0 

F ce = 9.238 kN (C) = 9.24 kN (C) Ans 

~ +lf - =°i 2(9.238 cos 60°) - F ca = 0 

^» “ 9 - 23 * kN (T) = 9.24 kN (D Ans 


Joint B 

+ Ti^=0; /i f sin 60°-^ jú, 60° = 0 

F sc = F, t =F 

= 0 ; 9.238-2fcos 60 ° = 0 

f = 9.238 kN 

' I1 ’ us - f be = 9.24 kN (C) F, a = 9.24 kN (T) Ans 

Joint£ 

+ T 2 ^= 0 ; Ç-2(9.238sin60°) = 0 Ç=i 6 . 0 kN 

♦ 

~* 1F ‘ =0; F u + 9.238 cos 60°-9.238cos 60° + 4619 = 0 
F u = 4.62 kN (C) Ans 

Not* : TJo support ncactions rf,snd >t, « be dcccnn m cd by analysing 
JoimA usuig the results obtained above. 
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6-17. lf the maximum force that any member can 
support is 8 kN in tension and 6 kN in compression, 
determine the maximum force P that can be supported 
at joint D. 


Method of Joints : In thu ca.sc. the support reacáons are not required for 
determining the member foroes. 

Joint D 

+ Tl^=0; fò c sin60°-P = 0 F^ c = 1.1547P (T) 

4l^=0; F o£ -1.1547/>cos60° = 0 F de = 0.57735P (C) 

Joint C 

+ Tl^=0; F ce sui 60° - 1.1547/>sin 60° = 0 
F ce = 1.1547/* (C) 

—» r/^ = 0; 2( 1.1547/*cos 60°) -F ca = 0 F c , = 1.1547/» (T) 

Joint B 

+ îr/ỳ=0; F, e sin60°-F, t sm60f‘= 0 F, e = F„=F 
■+Tf,=0; 1.1547P-2/xos 60° = 0 F= 1.1547/* 

" n,us - F,e = » 1547 P (C) F, t = 1.1547/* (T) 

Joint E 

-+r^=0; F„ + 1.1547/* cos 60°- 1.1547/*cos 60° 

+ 0.57735/* = 0 

F u = 0.57735 P (C) 

From the above analysis, the maximum compression and tension in the truss 
member is 1.1547/». For this case, compression controls which rcquires 


1.1547/*= 6 
P = 5.20 kN 


Ans 



fipc 

\ 


Ó0‘/ 

\ * 

& 

* X 


V 


i 

Fci 

c 

í>vŷ 


/ 

F a 

\ 

I Ftc'US47f> 




B F ct */rS47P 


* x 

/ 

'Fte 

* U547P 

\ 

/F ce =1-1547p 

— éo H 

Aut 


*£ - - 

Se-0-577/sp 
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6-18. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint: 
The horizontal force component at A must be zero. Why? 



Joint C: 


-+ZF, = 0; 


F r „ - 800 cos60° = 0 


F cb = 400 lb (C) Ans 


+ ỲLF = 0; F rn - 800 sin60° = 0 


^ . 800U, 



Joint B 


F C n - 693 lb (C) Ans 


-+LF X = 0; -F bd - 400 = 0 


F bd = 666.7 = 667 lb (T) 


+ tLF y = 0; F ba - -(666.7) - 600 = 0 


F ba = 1133 lb = 1.13 kip (C) Ans 


too U> 


'\sJ0OU, 


Member AB is a two - force member and cxerts only a vertical force along AB at A. 
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o-ZO. Each member of the truss is uniform and has a mass 
of 8 kg/m. Remove the external loads of 3 kN and 2 kN and 
determine the approximate forct in each member due to 
the vveight of the truss. State if the members are in tension 
or compression. Solve the problem by assuming the vveight 
0 each member can be represented as a vertical force half 
of which ìs applied at each end of the member. 


3 kN 

1 2 kN 

î ^ f 


Joint D: 


3b.W9.V)<i 

« L-lL—Jc 


Joint C: 


+ î 'LF y =0; 


-»I F x = 0; 


Joint B : 


5!.27(?. 81)M 


r—F co — 259.t- 0 

V13 


V* 

E 

F cd = 467.3 = 467 N (C) 

Ans 

r cB 

~F cb + 461.3(~) = 0 


**c 

V 13 


F. 

F cb = 388.8 = 389 N (1) 

Ans 


F Bá = 388.8 = 389 N (T) 

Ans 


F bd = 313.9 = 314 N (C) 

Ans 



ZI5.<» 

i® 


'32§.?M 


= 0 ; 


■ à í4673ì ~ tT" - 0 


+ ÎZF = 0; 


2 2 2 

/Î3 (Fm) + JÎ3 (Fda) ~ Tl3 (467 ‘ 3) _ 313 ' 9 ~ 503 -° = 0 

F de = 1203 = 1.20 kN (C) Ans - ; 

'd/1 n 

F da = 736 N (T) Ans 


503.0N 


/f^® 

Fpt 3 
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6-21. Determine the Ibree in eaeh member ot the truss 
in terms of the external loading and state if the members 
are in tension or comnression. 



Joint B : 


+ ÎZÇ =0; 


F„. sin20 - P = 0 


F ba = Pcsc29 (C) 


^LF X = 0 ; 


P csc29(cos29) - F gc = 0 


Joint C: 


F bc = Pcot29 (C) 


-+XE = 0; 


P cot20 + P + F rn cos29 - F CÁ cos 9 = 0 


+ ÎZÇ =0; 


F rr ,sm29 - F ca sin0 = 0 


F ri = 


cot20 +1 
cos0 - sin0cot20 


a© 


Joint D : 

Azc = 0: 


= (cot0cos0 - sin0 + 2cos 9)P (T) 


F cd = (cot2 9 + 1 )P (C) 


F da - (cot20 + l)(cos20)P = 0 


F da = (cot20 + l)(cos20)(P) (C) 


® L, 
- 

Î 
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6-22. The maximum allowable tensile force in the 
members of the truss is (T,) max = 2 kN, and the maximum 
allowable compressive force is = 1.2 kN. 

Determine the maximum magnitude P of the two loads that 
can be applied to the truss. Take L = 2 m and e = 30°. 


= 2 kN 


^• F C ) max 1.2 kN 


Joint B : 



+ ~ F b . cos30° - P = 0 


f ba = 


cos30° 


1.1547 P (C) 


= 0; f ab Sin30° - F bc = 0 



Joint C: 


f bc = F tan30° = 0 57735 P (C) 


+ ÏXF = 0 ; 


~ f ca cos30° + F cd sin60° = 0 


sin60° 


F CA = f cd(~~~) = 1.732 /V. 


sin30° 


XF x 0; Ptan30° + P + F CD cos60° - F CÁ cos30° = 0 




r= Jíi 

'CA / 


f cd - ( 


tan30° + 1 


7= ~- ~)P = 1.577 P(C) 

y 3cos30 - cos60° 


Joint D : 


f ca = 2.732 P (T) 


= 0 ; F na - 


'da ~ 1.577 Psin30° = 0 


f da = 0.7887 P(C) 


1) Assume F CA = 2 kN = 2.732 P 
p = 732.06 N 






F cd - 1-577(732.06) = 1154.5 N < (F c ) max = 1200 N 


(O.K!) 


Thus, p 


= 732 N 
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6-23. Determine the force in each member of the truss 
and state if the members are ìn tension or compression. 


Support Riactíons : 

QlM 0 = 0; 4(6) + 5f3)-Ç(3) = 0 E, = 23.0kN 

+ ÎItr = o ; 23.0-4-5-Z^ =0 D, = 14.0kN 

—* ZF X =0 £) = 0 

Method of Joints : 

Joint D 


+ T* 0; F de -14.0*0 

Iv^J 


^ =0; 16 - 3 W^ =0 

F dc = 8.40 lcN (T) 


F os = 16.33 lcN (C) = 16.3 kN (C) Ans 

/ 3 ì _ 


-3 m-- --3 m---3 m- 

B) L _ Ç_ _ 


4tt 

| 3m I 3, 


-*£/r =0; 4, (4=ì-I6J3Í-LÌ = 0 

^/ioj [Jïi J 

f ca = 8.854 lcN (C) = 8.85 lcN (C) Ans 

+ TlF r ’0- 23.0-16.33Í-í=ì-8.854Í-i = '|- / r o 

IVSJ [/iôj 

F cc - 6.20 kN (C) Aiu 


+ T ZF, = 0; 6.20 - F cr sm 45° = 0 

F cr = 8.768 kN (T) = 8.77 lcN (T) Ans 

->ÏF.= 0; 8.40 - 8.768coj 45° - F ct = 0 

F c , = 2.20 lcN (T) Anl 



ì 

fk 

< 4 - _ 


p/}, 


FÌ5 ' 

Vy '14-0 

1 

t - 


fsc 

Fc* 

/ 

/ Ftc-lla-i) Kti 

t . 


-»= 0 ; 2 . 20 - 4 * c»$ 45 ° = 0 

F, a =3.111 kN (D = 3.11 kN (T) Ans 

+ ÎI 4 =0 . 4r - 4-3.1 llsin 45° = 0 

F, r = 6.20 kN (C) Ans 


+ ÎI4=0; 8.768sin 45°-6.20 = 0 (Check!) 

ZF. = 0; 8.768cos 45° -F rA =0 

F fa = 6.20 lcN (1) 


Fy=Z)-Okrl 


t.ioh? 



/ 


Ze _ 

c 

Fît'ôïoi ev 

4 ? 

y 


■’ >- . 

/ 

Fcr 

£0 



/ î. 7 ùT4*J 
-- - K 
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*6-24. Determine the force in each member of the 
double scissors truss in terms of the load P and state if 
the members are in tension or compression. 


B C 
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6-25. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint: 
The vertical component of force at C must equal zero.Why? 



Joint A : 


+ ÎXF V = 0; 


= 0 ; 


F aB = 7 ' 5 ^ (T) 

-Fae + 7 - 5 ( i )= ° 
F aE = 4.5 kN (C) 


Ans 


Ans 


Joint E: 


Aif; =o; 

f ED = 4.5 kN (C) 

Ans 

+ TLF y = 0; 

F eb = 8 kN (T) 

Ans 

Joint B : 



+ ÎLf v = 0; 

-h<F» 0 ) - 8 - -0.5) = 0 
/2 



F bd = 19.8 kN (C) 

Ans 

^LF X = 0; 


0 


F bc = 18.5 kN (T) 

Ans 


C is zerobecauseBCis a two - force member. 
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\6í26.usBac^EW®nibeffiloé^t.e49¥iis uniform and has a mass 
of 8 kg/m. Remove the extemal loads of 6 kN and 8 kN 
and determine the approximate force in each member due 
to the weight of the truss. State if the members are in 
tensíon or compression. Solve the problem by assuming 
the weight of each member can be represented as a vertical 
force, half of which is applied at each end of the member. 





Joint A : 


+ ÎIF y =0; 


: F áb - 157.0= 0 



31S.SN 


F ab = 196.2 = 196 N (T) 


-+I F x = 0; 


-F AE + 196.2(-) = 0 


F ae = 117.7 = 118 N (C) 


J57.0M c 

(7) Fae 


Joint E : 


-+I F x =0; 


+ îLF y = o; 


F ed = 117.7 = 118 N (C) 


F eb = 215.8 = 216 N (T) 


T® , 

r 

315. 


Joint B : 


+ ỲLF y = 0; 


1 4 

-p(F S0 ) - 366.0 - 215.8 - -(196.2) = 0 

y 2 5 


3(,(,.0N 


-+I7F = 0; 


F bd = 1045 = 1.04 kN (C) 


F bc - -(196.2) - -p( 1045) = 0 


flLiu '*J> 


F bc = 857 N (T) 
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6-27. Determine the force in each member of the truss 
in terms of the load P, and indicate vvhether the members 
are in tension or compression. 

Snpport Roactioiu : 

4 4 

+ Î2/J=0; -P-E,=0 Ç=-/> 

-+ 2/*, = 0 £,-/> = 0 E,=P 

Methoi of Joints : By úupection of joini C, members Cfland CD aie 
zcro forcc mcrobcr. Hence 


F r m = F r n = 0 


Ans 


Joint A 


-Î5^=0; F Á , 


4 


JÍ25) 

F áb = 2.404 P (C) = 2.40 P (C) Ans 


‘1F, = 0; F af — 2.4Ô4P 


1.5 


JÏ25 
F af = 2.00/* (T) 


= 0 


Ans 


Joint B 


= 0; 2.404P 


1.5 


Iv^J 

-F. 


-P 

0.5 


~F„ 


0.5 


VT5J -"UûsJ 

1 -00/*- 0.4472/^ F — 0.4472/^p = 0 
+ Tl/^=0; 2.404/*í—— ^ ^ 1 


m 


+ F b , 


\jmr°{Fsy í ‘\7m) 

1.333/*+ 0.8944/>p -0.8944/*, r = 0 
Solving Eqs.fl] and [2] yield, 

F tr « 1.863/>(T) = 1.86/*(T) Ans 

F,„ = 0.3727/*(C) = 0.373/>(C) Ans 


= 0 


[ 2 ] 


Joint F 


+ T 2/; = 0; 

1.863/> —-r 

r i ] 


iyisj "1 



= 0 


->ZF, =0; /* ro + 2 


/* re = 1.863/*(T) = 1.86/>(T) Ans 
0.5 


1.863/* 


- 2.00/> = 0 


V^JJ 

/>i> = 0.3333/*('D = 0J33/> (T) Ans 


Joint D 


+ T 2/* = 0; F dí — L= - 0.3727/»! 1 

17*35. 


I/ÏSJ 

F de = 0.3727P (C) « 0.373/> (C) Ans 


► LF = 0; 


2| 0.3727/»( 

I WÏ3jJ 


- 03333/* = 0(Chock!) 
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*6-28. If the maximum force that any member can 
support is 4 kN in tension and 3 kN in compression. 
determine the maximum force P that can be supported 
at ooint /?.Take d = 1m 


at point B. Take d = lm. 

Support Roactiont: 


= 0; P(2d)-\{^dj = 0 A,=- P 


+ TSf, =0; \p~E,= 0 E, = -P 


y -y - ’ 3 

^ZF,= 0 Et-P = 0 E,=P 


Method of Joittls : By inspection of joint C, members CBand CD are 
zero force member. Hence 


^cb - ^cd ~ ® 


Joint A 


+ TIT, = 0; F a 


JÏ2S, 


L-P = 0 F. b =2.404P(C) 
i 3 


2>ZF x =0; F a f -2.404P _ =0 *2.00/* (T) 


Joint B 


»IF, =0; 2.404pf--iÌ= I -P 


17^5 

-F, 


"bf 


0.5 


-^|-f. 0 LLL 

V^J U^J 


1.00F-0.4472F, f -0.4472F, o = 0 


m 


+ TlF,=0; 2.404P 


Wn7SP'l7S 

1.333F + 0.8944F, o - 0.8944F sf = 0 

Solving Eqs.(l] and [2] yield, 

F„ = 1.863P(T) F l0 = 0.3727F(C) 

Joint F 


= 0 


[ 2 ] 


+ T LF, = 0-. 1.863F 


V^J" F "1/I^J 

F ra = 1.863F(T) 


-+ IF; = 0; F ro + 2! 


1.863F 


0.5 


l/^JJ 

F ro = 0.3333F(T) 


- 2.00F = 0 


Joint D 


+ T ZF y = 0: F de 


-V=ì - 0.3727pf-V_ =0 

U^J IVÎ^J 

F de = 0.3727F (C) 


ZF, = 0; 2 


0.3727/H 


0.5 

Uï* 


-0.3333P= 0 (Chtch!) 



From thc abovc analysis, the maximum compression and Gension in thc tniss 
mcmbers are 2.404F and 2.00P, respeeóvely. For this case, compression 
controls which requires 


2.404F = 3 
P= 1.25 kN 
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»6-29. The tvvo-member truss is subjected to the force 
of 300 Ib. Determine the range of 0 for application of the 
load so that the force in either member does not exceed 
400 Ib (T) or 200 Ib (C). 


JomtA: 

£Ti = O, 300 coi 8 + F * c * F *‘ (|) ■ 0 

+ * 0; — 300 liad + F A § ^ » 0 

Thui, 

F a i * 300 tia 9 

Fac ■ - 300 oca 8 - 400 «m 8 



300 lt 



300 Ib 


For A8 require : 

- 200 S 300 lin 9 S 400 

-2S5«in8S4 (I) 

For AC require: 

- 200 S - 300 cot 8 - 400 tin 9 £ 400 
-4S3coi9 + 4iin9S2 ( 2 ) 

Sotving Eqi. (1) and (2) limultaneouily, 

127» S 9 S 196* Ai» 

336* S 9 S 347* Ana 

A ponible hand soturion . 


TTie nnge of vdua for Hqi.(I)«d (2) ire ihown <n ihe 
0.1 


Then 

FÀi * 500 iin 9| 

íic » - 300cos (9j - 36.870°) - 400ain (9, - 36.870°) 

* - 300 [coi 9j ooi 36.870° + lin 9j lin 36.870°) 

- 400 [lin 9j coi 36.870° - coi 9j sin 36.870°) 

= - 240coi 82 - 180sin 9j - 320jtn9j + 240coi9, 

= - 300 sin 82 

Since 9, = 9, - 36.870°, ihe tinge of nxeplable vihies for 9 = 9, ii 
Thiu, we requirt 127* S 9 S 196° Ani 

- 2 S 5 sin 9, S 4 or - 0.4 S sin 9, S 0.8 (l) 336* S 9 S 347° Ans 

- 4 S 3 sin 9, S 2 or - 0.8 S sin 9, S 0.4 (2) 


62 = 9, + tan 


•(!) 


9, + 36.870 
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6-30. Determine the force in members BC, HC, and 
HG of the bridge truss. and indicate whether the 
members are in tension or compression. 



Support Reactions : 


( + 0; 18(3) + 14(6) + 12(9)-4, (12) =0 = 20.5 tN 


Method of Sections : 

{+XM C = 0; C hc (3) + 12(3) - 20.5(6) = 0 
F hc = 29.0 lcN (C) 

( + “ W » = 0: F bc (3) - 20.5(3) = 0 
F,c = 20.5 kN (T) 

+ T ZF r = 0; 20.5 - 12 - F Hc sm 45° = 0 

Fhc = 12.0 IcN (T) 


| -3 /n -f ^ J/rj | _ 

Ah iZk*ì 14- M i6<+l ~í 





6-31. Determine the force in members GF. CF. and 
CD of the bridge truss. and indicate whether the 
members are in tension or compression. 



Support Reactions : 


Ç+IM t = 0; E, (12) -18(9) -14(6)- 12(3) = 0 E, = 23.5 kN 


Method of Sections : 

[+IM C = 0; 23.5(6) - 18(3) -F aF (3) =0 

F cr = 29.0 lcN (C) 

Ç + IM f = 0; 23.5(3) -F c0 (3) = 0 

F cd = 23.5 lcN (T) 

+ ÎZT ? =0; 23.5 - 18 - F cr s\n 45° = 0 

F cr = 7.78 lcN (Tl 


3 m ^ 3” 

/3 KB 
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*6-32. Determme the force in members DE, DF, and 
CFoi the cantilevered truss and state if the members are 
in tension or compression. 


D EJ 


* t LF, m O, J F ar - í (1500) - 0 


F or = 2000 Ib = 2.0 kip (C) An» 


(*1M d = 0; t (1500) (12) + ] (1500) (3) - F cr (3) = 0 


f gf = 5700 Ib = 5.70 Idp (C) Anj 
C +I Mf ' 0; ~ s OiOO) (16) - F dí (3) = 0 

?de - 6400 lb - 6.40 Idp (T) Ans 


6-33. The roof truss supports the vertical loading 
shown. Determine the force in members BC, CK, and 
KJ and state if these members are in tension or 
compression. 


^-b^- - -. N S£====& =_ 

\ j 1 H G F 

4 ft 7 - 4 fl -— 4 ft .— 4 ft . 



K J / H 
— 12 m, 6 @ 2 m -- 


->LF Z = 0; 


+ LM a = 0 ; 


A = 0 


-A y { 12) + 4(8) + 8 ( 6 ) = 0 


8 M 

I 


A v = 6.667 kN 


(. + LM r = 0; 


-6.667(4) + F kj { 2) = 0 


- 12m ■ 


F kj = 13.3 kN (T) 


1. + 1M k = 0; 


6.667(4) - —=F ac {2) = 0 


6 XI Fe* 


(, + I M A = 0; 


F bc = 14.907 = 14.9 kN (C) 


Fr y — 0 


« ^_1_j,_ t 

î L K h f <î 

ií* ■ 
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6 ^w. ifì§èWpfflêrfà^l%íí§otrtewmbers CD, CJ, KJ, and 
DJ of the truss vvhich serves to support the deck of a 
bridge. State if these members are in tension or 
compression. 




D E F w _ 


^zai ' T ' 

#i ... 


va_vi w m m y 

— 

L K \J I/ H 

-9 ft—--9 ft— —9 ft — 4 - 9 ft—r—9 ft—.—9 ft 


+ iM c = °; 


-9500(18) + 4000(9) + F KJ { 12) = 0 


F kj = 11 250 lb = 11.2 kip (T) 


U IMj = 0; 


-9500(27) + 4000(18) + 8000(9) + F CD { 12) = 0 


F cd = 9375 lb = 9.38 ldp (C) 


-+Z F t =0; 


■9375 + 11 250 - -F CJ = 0 
5 c 


F CJ = 3125 lb = 3.12 kìp (C) 


Joint D, 


Fni = 0 


+,ooou> ?,oooU. , 

ft 1 ft e <■ 1 \ Fcx, D 

f\t\ . 1 « 

\l n mj i 

L TlFrJ J 


6-35. Determine the force in members EI and JI of the 
truss which serves to support the deck of a bridge. State 
if these members are in tension or compression. 


oUOO 

1)00 lb 

'I_Cw 

_iL 



L K J l H 

— 9 ft—4-— 9 ft—4— 9 ft—4-—9 ft—9 ft- ——9 ft 


f, + 1M e = 0; -5000(9) +7500(18) - F yí (12) = 0 


Fji = 7500 lb = 7.50 Idp (T) 


+ Î5\ =0; 


7500 - 5000 - F e , = 0 


F ei = 2500 lb = 2.50 kip (C) 


5, 000 Uj 
Ift 

D E hf\ 

S~?Z7A~7 




1 

7, SooU> 
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www XfcMo gíí#(ÈCEntitagsfiot.fcffct in members BC, CG, and 
GF of the Warren truss. Indicate if the members are in 
tension or compression. 






Support Roactiomt : 

(+IAf £ = 0; 6(6) + 8(3)-A,(9) = 0 A, = 6.667 lcN 

ZF t = 0; X t =0 

Method of Sections : 

Ç+IM C = 0; F CF (3sin 60°) + 6(1.5) -6.667(4.5) = 0 
F of = 8.08 kN (T) 

( + ï« o = 0; /i c (3sín 60°)-6.667(3) =0 

f sc = 7.70kN (C) 

+ Tz^=0; 6.667 - 6- F cc sin 60° = 0 

F co = 0.770 kN (C) 




Atf * 



*}l 9 b-6é//ar 


6-37. Determine the force in members CD, CF, and FG 

of lhe Warren lruss - Indicate if the members are in tension 
or compression. 


Support Reactions : 

Í +E ^=0; ^ (9)-8(6)-6(3) = 0 E, = 7.) 


Method of Sections 


(+Z3/ C =0; 

7.333(4.5)-8( 1.5)-)M: 

/>c = 8.08 kN (1) 

(+5^=0; 

7.333(3) -/t 0 (3sín 60°) = 
f cd = 8.47 kN (C) 

+ T I/> = 0; 

/tr*in 60« +7.333-8 = 0 
f cf = 0.770 kN (T) 



C ...Jk 


^S'rtíO'rr, 





=7-333 
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6-^wHêírangeBÌéHa.tfhagspi5fesfêiIì)ped in members ttìi 
and GFoí the bridge truss and state if these members are 
in tension or compression. 


-10 ft-4—4 ft—l—4 ft-—-10 ft- 

G F E 




L 

j/\ 



- 

áL í 

--fií 1 - 




jy[ A =0; -600(10) - 800(18) + D y { 28) = 0 


UZF X =0; 
+ T lF y =0; 


+ IM b =0; 


+ ÎI F y =0; 


Hft ‘fflt 

rTTT 


D y = 728.571 lb 


A x = 0 

Ay - 600 - 800 + 728.571 = 0 


A y = 671.429 lb 


-671.429(10) + F gf (10) = 0 


F gf = 671.429 lb = 671 lb (C) 


671.429 - F gb =0 
F cb = 671 lb (T) 


*î 1 | t 

Avj toou, ?ocib 




/ý/ 

t iC * 

fcU^Hfc ' 10 


.6-39. The truss supports the verticalload OÍ 600 N- 
Determine the force in members BC, BG , and HG as th 
dimension L varies. Plot the rcsults of F (ordjnate with 
tension as positive) versus L (abscissa) for 0 — í- - 


*î£/> =0; -S00-fiosinS»0 


- «00 
Fbg 3 — r~i 
sm 6 


3DI(7 * ■ = 

y/L 2 + 9 

Fm » -200/2J+9 

{4l*fc»0; -f#c(3)-600(í.) *0 

Fjc - -200Í. 

Ç-IMi »0; F„ 0 (3)-600(2i) »0 

» 400L 


' 4<j 4 

--- 

^ y 

/- .K — 

* F Sc " ^ 


i/t B C 

L- L ■■■■-£-4— L- 
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*6-40. Determine the force in members 1C and CG of 
the w ^W9fiíì^ r íf-t}l?g§Pf? 1 t e Wers are in tension or 
compression. Also, indicate all zero-force members. 


<2 _ 0 




. ip w i 

'l ^ H\ G F\ 4=3 

p-1.5 ni— |— 1.5 m— —1,5 m-4*- t.5 m— j 


By inspection of joints B, D, H ar.d /, 


6kN 6kN 


AB, BC, CD, DE, HI, and G/ are all zero-force mentbers. 


. tLV/, = 0: -4.5(3) + /ỳ c (-)(4) = 0 


F IC = 5.62 kN (C) 


Joint C : 


= 0 ; 


F r , = 5.625 ltN 


14« r- 


Aij-4.5^ 


+ T I F y = 0; 


(5.625) + 4(5.625/ - F ca =0 
o 5 


F ca = 9.00 kN (T) Ans 


O --o 

FÁ 

'l f 3 + 

4-r 


^ a!id 1 state ne i4diese Ce members e a S re4n n t ^ 

compression. A.so, indicate all zero-force mem4eT " 


By inspection of joints B, D, H and I, 

AB, BC, CD, DE, HI, and G/ are zero-force members. 


Joint E : 


+ T £F V = 0; 


7.5 - -F je = 0 


= 0 ; 


F je = 9.375 = 9.38 kN (C) 


-(9.375) - F gf = 0 


F gf = 5.625 kN (T) 
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6-42. Determine the force in members BC, HC , and HG. 
After the truss is sectioned use a single equation of 
equilibrium for the calculation of each force. State if these 
members are in tension or compression. 


4kN 4kN 


A*-..--• 


'f D -,-Ae 






5 m—4*—5 m—4—5 m—4—5 m 


Probs. 6-42/43 


(_+ 1M e = 0; 


, + 1M h = 0; 


(,+XA/ c =0; 


'\ (20) + 2(20) + 4(15) + 4(10) + 5(5) = 0 


Ay = 8.25 kN 

-8.25(5) + 2(5) + F bc ( 3) = 0 
Fbc = 10.4 kN (C) 


JtuJ +W +M 

A —l--£_ I J 


—I 1 " 

3 _ 


- - 


5 ^ 5n, 

«-**-- 

/ 


-8.25(10) + 2(10) + 4(5) + -L F HG (5) = 0 t p’ 
Phg = 9.155 = 9.16 kN (T) Ans 


{+IM 0 . =0; 


-2(2.5) + 8.25(2.5) - 4(7.5) + -p=4 c (12.5) = 0 

y 34 

3rc = 2.24 kN (T) Ans 
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TO us î5fí8Pfflffi^fl^8Ì Î8 , ftembers CD, CF, and CG 
and state if these members are in tension or compression. 



3m 
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♦6-44. Determine the force in members GF , FB,and BC 
of the Fink truss and state if the members are in tension 
or compression. 


Support Reactions : Due to syrametry, D y - A . 

+ Tïf r=0; 2A,-800 - 600 - 800 = 0 = 1100 lb 


Method of Sections : 

C + = 0; F CF S “ 30 °( 1°) + 800( 10- 10cos 2 30”) - 1100( 10) = 0 

F cr = 1800Ib (C) = 1.80ldp (C) An* 

C+2A(,=0; /ŷjsin 60°( 10)-800( 10cos 2 30°) = 0 

F n = 692.82 Ib (T) = 693 Ib (T) Ans 

Q- = 0; F IC (lîun 30”) + 800( 15 - lOcos 2 30”) -1100( 13) = 0 
F lc = 1212.43 lb (T) “ 1.21 ldp (T) An* 


6-45. Determine the force in member GJ of the truss 
and state if this member is in tension or compression. 




10 ft-H-1 o ft- -I-io ft- 



rocofiojt 


8o oib F 

, I 


/Fh tÇtan 


B Fbc.' 
/Oft 5jt 


A 1=1100 tt, 


{, + IMc =0; 


-1000(10) + 1500(20) - F C yCOs30°(20 tan30°) = 0 . 
F gj = 2.00 kip (C) Ans , 


*'LJJ££±J 
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*6-51. Determine the force in members CD and CM of 
the Baltimore bridge truss and state if the members are 
in tension or compression. Also, indicate all zero-force 
members. 


Support Reactions : 

Q-lM,=Cr, 2( 12) + 5(8) + 3(6) + 2(4) - Aj (16) = 0 
A, = 5.625 lcN 

-* ZF. = 0; A x = 0 

Method of Joints : By inípecnon, raerabers BN, NC, DO, OC, HJ 
LE and JG are 2ero force meraber. AnJ 

Method of Sections : 


Ç+1 M u = 0; F cd (4) - 5.625 (4) = 0 
F co = 5.625 kN (T) 

Ç* 1*^=0; F cu (4) — 2(4) = 0 

F cu = 2.00 kN (T) 


Ans 


Ans 



f'u 2 ' „ r ? eterminc the force in members EF , EP, and LK 
? thc Balumore bridge truss and state if the members are 
m tension or compression. Also, indicate all zero-force 
members. 


Support Rtactions : 

QlM A =0; /,(l6)-2(I2)-3(10)-5(8)-2(4) = 0 

I, = 6.375 kN 

Method of Joints : By inspection, merabers BN, NC, DO, OC, HJ 
LE and JG arc 2 ero forcc mcmbcr. 


Mtthod of Sections : 


Ç+IAí, =0; 3(2) + 6.375(4) -F ír (4) = 0 

Fsr = 7.875 kN (T) 

QlM c =0-, 6.375(8)-2(4)-3(2)(4) «0 
F lk » 9.25 kN (C) 


+ Tj ^-0: 6.375-3-2- F^sin 45'-0 

Fpp » 1.94 kN (T) 


Ans 


Ans 


Ans 


Ans 
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6-53. Determine the force in members KJ, NJ , ND, and 
CD of the K truss. Indicate if the members are in tension 
or compression. Hint: Use sections aa and bb. 



Support Reactions : 




^ZF, = 0 ; 


1.20( 100) +1.50(80) +1.80(60) -A y (120) = 0 
Ay = 2.90 ]dp 

A x =0 


^ctions : Fron, sectìon «-«, /*,and F ca can be obnuned 
diroctly by surammg moraent about poims C and K respectively. 

Q+ IM C = 0; /J, (30) + 1.20(20)-2.90(40) =0 

hi = 3.067 lcip (C) = 3.07 lcip (C) Ans 

(+ÏM r = 0 : Fcb ( 30)+ 1.20(20)-2.90(40) =0 

= 3 067 kip (T) = 3.07 kip (T) An* 
From secb-b, summing forces along xandyases yields 

_>I/ Ì= 0; f »d Q J - F N1 (^) +3.067 - 3.067 = 0 


f hd = f hi 


U) 


^^=0; 2.90-1.20-1.50-F w g)-^gJ = () 

F HD + F H1 = 0.3333 [2] 









www.usacingenieria.blogspot.com 
6-^4. Determine the forr<. 

K rr “»- fndicate if -hc mr m , CnlncrS ' //an J D£'°rthe 
mcmbers are in tension 


compression. 


iu ?pan Rtaciionj .- 

^ ’ 0 ’ C ' n20) - , JfM)-IJO ( 40,- 1J o f20 

C - =l.S0iu p 

Me,kod °fS'c:i„ ns .. 

C+ ^ í = 0: i6O ^-^f30,= 0 

F “ = --13 iep ( C) 

= ! °d(^0) - F dí (2Q) - o 

r oc = 2.J3 fap (X) 


memb e r D "pacTÌru«"hí CS memberofthe ‘ h ™‘ 

and state iï the memh SUpports !he '«ading of 1000 Ib 
the mcmber.s are m tension or compression. 


1 15 15 J 15 

Fco - /v„ f-1_: 5 


J 11.358 ' 11.358 ^ * 11.358 k 


-f»fi2iTl J + i9 k ì 

'•15 15 J 15 j 



i_/r 1 




!.. -T • 

1300 tb i 

1500 ib , ' 

ISOOIb 

; -0f,— 50f t *-20ft-^ :oft , 



'syiéoicf 



^'2f> 


p = - 1000 1 


_ °' ^ í~ Tí) + ^ f- 7~ì * F» í-ì = 


roïir'nïïJ = 0 


’ 0: ^íá) + M^ïïii) + Mïï) = o 


^ = °: ^ r 12) * F f _i£_ì + F f 10 

^lîJ Cg| M 1.358J HT7 


fto = 300 !b (O Ai 

Fjo = 450tb(O Afl 

?cd = 5681b(0 Aa 
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www.Lé^íng5?#éftiaîl9R%í^§tfe»e¥ in each member of the space 
truss and state if the members are in tension or compression 
The truss is supported by rollers at A, B, and C. 



ZF X = 0 ; 


3 3 

7 f dc ~ ~F Da = 0 


ZF y = 0 ; 


F °c ~ F da 

7 Fdc + ~i F ^ ~ 71 f db = 0 


f db = 1.486 F ni 



f»a Ftí 


^ = 0; 


~ 8 + 2 ^) f dc + ~F db = 0 


^ = 0 ; 


f dc - F da = 2.59 kN (C) 
f db = 3.85 kN (C) 

F bc = F ba 


VF y = 0 ; 


Zf x = 0 ; 


3.85< —) - 2(-i£_ 1F _ n 

65 Vi9T5 ),C ' 0 

F bc = F ba = 0.890 kN (T) 

2 ' 59( ^°' 890< VS5>-^ = » 

Sc = 0.616 kN (T) 


3.S5W i 


fíT 

O.^o 

L y 
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ZF. = 0; —(583.1) - 500 + -F, D = 0 

^34 5 


F ad = 333 lb (T) Áns 


^ = 0; F a£ - ^(333.3) - -£=(583.1) 

5 yj 34 

= 0 

F ae = 667 lb (C) Ans 


Joint E : 


£ 

11 

p 

II 

O 

Ans 

^ = °; f ef - ^(500) = 0 


F ef = 300 lb (C) 

Ans 

Joint C: 


^ = 0; —=(583.1) -F co = 0 


^cd = 300 lb (C) 

Ans 

= 0 ; F C£ - -£-(583.!) = 0 

y 34 


/tF = 300 lb (C) 

Ans 

= 0; -£=(583.1) - 400 = 0 

/34 

Check! 

Joint F : 


3 

" = °; - 7 =^ - 300 = 0 

V18 


F df = 424 lb (T) 

Ans 

3 

^ = 0; - 7 = (424.3) - 300= 0 

V 18 

Check! 
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Ffce ! c 




IfOOlt o 

x Fcf «3.114 


F íf . 3o ^ 


>4 


, ^ccu, J 








wv T^? CÌ! Sfe nÌ s e f faÌ ) te^ ( ^Pported by a ball-and-socket 
joint at D and short links at C and E. Determine the force 
in each member and state if the members are in tension 
or compression. Take Fj = {200i + 300j — 500k} lb and 
p 2 = {400j} lb. 


I F z = 0; 


D x + 200 = 0 


a = -200 lb 


* <3. 


I M, = 0; 


■C,0)~ 400(3) - 200(4) =0 


I M y = 0; 


Cy = - 666.7 lb 


C z (3) - 200(3)= 0 


—\ t ■- í VooJ} U 

—-j, 

Fr [30o\ t 3ooj -Socíju, 


Joínt F: 


Joint B : 


C. = 200 lb 


F bf = 0 Ans 




I F. = 0; 


F gr = 0 Ans 




I F y = 0; 


I F x = 0; 


400 - ~F be = 0 


F be = 500 lb (T) Ans 


Fab ~ ^(500) = 0 


oou, 

^ Fhô X u 


JointA : 


LF X = 0; 


F áb = 300 Ib (C) Ans 


300 + 200- — =F ÁC = 0 


F ÁC = 971.8 = 972 lb (T) Ans 




1F Z = 0; 


3 3 

-=(971.8) - 500 + -F ád = 0 
y34 5 


F\d - 0 


Z F y = 0; 


F áe + 300 - —(971.8) = 0 
t/34 

F ae = 367 Ib (C) Ans 
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Joint E : 


'LF, = 0; 


^DE ~ 0 


ZF* = 0; 


Joint C: 


F ef - -(500) = 0 


F ef = 300 lb (C) 


I Fpf 

e j 

^^''X^~>500u 

3 


ZF. = 0; 


-=(971.8) - F CD = 0 
y 34 


2F. = 0; 


F cz , = 500 lb (C) Ans 


F cf - -==(971.8) + 200= 0 


F c/r = 300 lb (C) 


ì I 

I aOOUi 

‘«V.Î© 

x F cf 97Î-8U) 


2Ç = 0; 


: (971.8) - 666.7 = 0 Check! 


Joint F : 


= 0 ; 


-F df - 300= 0 


F df = 424 lb (T) Ans 


- 

/"300U> ° 



*6w<>&.uEteíBTgBnterta. togspoteeohimember of the space truss and 
state if the members are in tension or compression. The truss is 
supported by ball-and-socket joints at A, B, and E. Set F = 
{—200i + 400j}N. Hint: The support reaction at E acts along 
member EC. Why? 



Joint D : 


= 0; 


lF y = 0; 


ZE = 0 ; 


Joint C: 

1F X = 0; 


ZF, = 0 ; 


IF y = 0 ; 


Tùc + ,-+ 

y 31.25 

yjl.25 

1.5 

1.5 

y 31.25 

^7.25 

2 

2 

,- F bd + 

V 31.25 

/7.25 

, = 343 N (T) 

Ans 

, = 186 N (T) 

Ans 

, = 397 N (C) 

Ans 


F rn -200= 0 


F rn + 400 — 0 


F rn — 0 


Fjsc ~ - 7 = (397) = 0 
y 7.25 

F bc = 148 N (T) Ans 

F ec - -/===(397) = 0 
y 7.25 

F ec = 295 N (C) Ans 

VS (397> '= 0 

= 221 N (T) Ans 


3f?" v 

F..7' 
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6-62. Determine the force in members UE, DF, and BC 
of the space truss and state if the members are in tension 
or compression. 


2in f 

B (—2k} kN 


Mtthod of JoitUt : In Ihii cue, the suppon mcáoiu ue not required for 
determming the member forcej. 


X/.=0; F co sin 60“-2 = 0 F co = 2.309 kN (T) 

ZF X =0; 2.309cos60°-F tc = 0 

F fC = 1.154 kN (C) = 1.15 kN (C) Ani 




Joint D Sinoe ffc 0 . fbt • n< f P D t 1“ within the sune pUne ind F ot ú out 
of this plane, then FdB = 0. 




2.309cos 60“ = 0 


F df = 4.16 kN (C) 


1.732 

1^=0; F,f -=• -2 = 0 

»4.16 kN (T) 


l -xm 


i y 

I 

f ít *Z io9 
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6-63. Determine the force in members AB, CD, ED 
and CF of the space truss and state if the members aré 
in tension or compression. 



l~2k} kN 


1' ,ho d of Joints • 61 this cue, the suppon 
de<enn “ung the member fonses. 


reactions are not required for 


Joint C Since F CD . F, c and 2 kN force lie within the same plane and 
f cf “ out of this planc, thcn P 2X1(2 


^=0: ftoíin 60° -2 = 0 

E C o - 2.309 kN (T) = 2.31 kN (T) Aiu 

^=0; 2.309cos 60°-/J c * o íe . U54kN (Q 

ÌZ pUn S e m ^ M t £ o“’ d F °‘ W,Ih,n ** 5ame Plâne and F °' “ « 


ZF - * 0; ^r(ŷ=j-2.309cos 60° = 0 

Fdf = 4.163 kN (C) 


I^=0 ; 4. 16 3(_J- F£d=0 

Fb> = 3.46 kN (T) 


TF -n. r ‘-'Fi 

' “ ~ 2 " 0 “ 4.163 kN (T) 


^,»0; /5,-4.163 


fï» « 3.46 kN (C) 



Ftc.'ll5+*A 
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T 55 -. 9 , S Pace y t™ ss i* used to support vertical forces 
at jomts S C and D. Determine the force in each membei/ 
a> d state if the members are in tension or compression. 



Joint C : 


£ 

II 

o 

^sc — 0 

Ans 

J3 

ii 

p 

= 0 

Ans 

Ì3 

n 

o 

= 8 kN (C) 

Ans 

Joint : 

2^ = 0; 

F BD ~ 0 

Ans 

o 

n 

f ba = 6 kN (C) 

Ans 

Joint D : 

Jí 

II 

o 

F AD — 0 

Ans 

o 

n 

f df ~ 0 

Ans 

^ = 0; 

f de = 9 kN (C) 

Ans 

Joint £ : 

£ 

II 

o 

o 

II 

Ans 

2^ = 0; 

F EA - 0 

Ans 

Joint A : 

J3 

ii 

o 

F af — 0 

Ans 



ì 



X 
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6-66. ín each case, determine the force P required to 
maíntain equilibrium. The block weighs 100 Ib. 



EquatioHt of Equilibrium : 


») 

+ t Zfỳ = 0; 

«P- 100 = 0 

í>=25.0 lb 

Ans 

b) 

+ TEÇ »0; 

3/>-100 = 0 

P~ 33.3 lb 

Ans 

c) 

+ ÎI F, =0; 

3/»'- 100 = 0 

P' = 33.33 Ib 



+ T ZF, =0; 

3P-33.33 = 0 

/>=11.1 lb 

Ans 


1 00 Ib 


t r 

• . > 

r 

p 

p p 





. 

k 





1 



* 

J 

r 


10 0 lí 

(M 


P' p' p' 



P pp 



P'-3i-3ilb 
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6-67. The eye hook has a positive locking latch vvhen it 
supports the load because its two parts are pin-connected 
at A and they bear against one another along the smooth 
surtace at B. Determine the resultant force at the pin and 
the normal force at B when the eve hook supports a load 
of 800 Ib. 


^ +Y.M a =0; — F g cos60°(.l) — F g sin60°(2) 

+ 800(0.25) = 0 


r B = 61.88 = 61.9 Ih Ans 


+ t £F, =0; - 800 — 6l.88sin60° + A v =0 

A,- = 853.59 = 854 16 
—*EF X = 0: A , — Fp cos 60 = 0 


A x = 30.9 lb 


F, i = +(853.59)- + (30.9P 
= 854 Ib Ans 



*6-68. Determine the force P needed to support the 100- 
lb weight. Each pulley has a weight of 10 Ib. Also, what 
are the cord reactions at A and B ì 


Equations of Equilibrium: From FBD (a), 

+ t = 0; p’-2P- 10 = 0 |lj 


From FBD (b). 


800 Ib 



+ î Hf, =0; 2P + P’ - 100- 10 = 0 |2] 

Solving Eqs. [1| and (2) yiclds. 

P = 25.0 Ib Ans 
P’ = 60.0 lb 

The cord reactions at A and B are 

Fa = P = 25.0 lb F tí = P' ~ 60.0 Ib Ans 


P' P P' P 




f 


10 Ib 


P P 100 Ib 

(a) (b) 
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6-69. The link is used to hold the rod in place. Determine 
the required axial force on the screw at E if the largest 
force to be exerted on the rod at B, C or D is to be fOO 
lb. Also, find the magnitude of the force reaction at pin 
A. Assume all surfaces of contact are smooth. 







ZFy = 0: ^ = Ji Rb 


ZF X - 0: Rq — R B 

V 2 


Assume R r = 100 lb 



Rc = Ro = — = 70.71 lb < 100 lb 

V 2 


(O.K) 


i_+L.V/, =0; 


- 100sin45°(50sin45°) - 100cos45°( 180+ 50cos45°) + /^(100) = 0 


+ ÎLF > =0; 


Re ~ 177.28 = 177 lb Ans 


- 100sin45° + A v = 0 


A y =70.71 Ib 


Ax p 




->LF r = 0 : 


177.28 - 100cos45° — A r = 0 


■i I 


A = 106.57 lb 


R. = /106.572 + 70.712 = 128 lb 
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ft-70. ITic prmciples of a differential chain block are 
indicated schematically in the figure. Determine the 
magmtude of force P needed to support the 800-N force. 
Also, find the distance .c where the cable must be attached 
to bar Afì so the bar remains horizontal. All pulleys have 
a radius of 60 mm. 


EquaUorts of Equilibrium : From FBD(a). 

+ ÎI/ỳ=0; AP'- 800 = 0 P' = 200 N 
From FBD(b). 

+ ÎXF J= 0; 200- 5P = 0 P = 40.0 N Ans 

C + XM a = 0; 200(jr) - 40.0( 120) —40.0(240) 

-40.0(360)-40.0(480) =0 

4 = 240 mm Aru 




'4-J 

/Û & 








180mm| Í240 mm 


_ / — / 

? ? 





P p P p p 


6-71. Determine the force P needed to support the 20-kg 
mass ustng the Spanish Burton rig. Also, what are the 
reactions at the supporting hooks A, B, and C? 


For pulley D ; 


+ TlF y =0; 


9P ~ 20(9.81) = 0 
p =21.8 N 
^ = 2 P = 43.6 N 
r b = 2P = 43.6 N 
Rç = 6P = I3j n 



Ans p 
Ans 


^ P î P 




3p 3p 


ï P P 
3P 

3P T 
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•6-72. Tne compound beam is fixed at A and supported 


by a rocker at B and C. There are hinges (pins) at D and E. 
Determine the reactions at the supports. 

Equations of Equilibrium : From FBD(a), 


{+ 1M f = 0; 

C y (6) = 0 C y =0 

Ans 

+ î lF y = 0; 

O 

II 

Uf 

o 

II 

o 

1 

uf 


4 Zfr = 0; 

o 

II 

uf 


From FBD(b), 



ii 

o 

B y (4)-15(2) = 0 

B y = 7.50 kN 

Ans 

+ T IF f = 0; 

D y +7.50-15 = 0 

D y = 7.50 kN 


-+ Z/r = 0; 

D x =0 


From FBD(c), 



Q- 1M Á = 0; 

M Á - 5.00(6) = 0 

M Á = 30.0 kN • m 

Ans 

+ T ZF y = 0; 

A y -5.00=0 A y = 

5.00 kN Ans 

O 

II 

S* 

♦î 

o 

II 

«r 

Ans 
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6-73. The compound beam is pin-supported at C and 
»p P o„«d b» , ,o„« r „ „ , nJ l n " is , 

.wck„ “ou™ £r““ ■■ ' he ” ppom - Nes "°' ibe 



8 kip 


. 1 15 kip ■ f[ 

A T D B*~\ 


4 kip 


£0>( I 

ip ^ 6f, ~7T2f 8 f ' — 8 ft 


Equations of Equillbrium : FromFBD(j), 

Ç+IA4=0; 4cos 30“(12) + 8(2)-A, (6) =0 

A, = 9.595 lcip = 9.59 kip Ans 


+ ÎLF r =0; 

; D y +9.595-4cos 30°-8 = 0 


Dy = 1.869 kip 

-+ï^ = 0; 

A-4sin30” = 0 D z = 2.00 kip 

From FBD(b), 


o 

II 

+ 

1.869(24) + 13+ uQj(g) -B, (16) = 0 


= 8.541 idp = 8.54 Idp 

+ ÎZF; =0; 

q+8.541-1.869- 12Qj = 0 


C, = 2.93 kip Ans 

ZFj = 0; C,-2.00-120 = 0 

=9-20kip AnJ 


Ctí 
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6-75. Determine the horizontal and vertical components 
force at pins A and C of the tvvo-member frame. 


200 N/m 



Equations of Equilibnum : 

Ç+ZM t =0; ^c«K45°(3)-6OO(1.5) = 0 

F, c = 424.26 N 

+ TXF r = 0; A, +424.26cos 45°-600 = 0 

^ =300N Ara 

ZZ = 0: 424.26SU1 45' - A, = 0 

A' = 300 N 


For pin C, 


C '■ ~ F «csin 45” = 424.26sm 45” = 300 N 
*~y ~ ^sccos 45” = 424.26cos 45” = 300 N 


Zco(ì)*boo>i 


a* r 




iSrn 

/ 
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fi ' 77 - Hetermine the horizontai and vertical components 
force at pins A. B.and Cand the reactions to the fixed 
support D of the three-member frame. 


Frtt Body Diagram : The soiulion for this problem will bc simplifìed if 
one realizes thai member AC is a two force mcmber. 

Equations of Equilibrium : For FBD(a), 

ÇrïM B =0; 2(O.5) + 2(l) + 2(l.5) + 2(2)-Ç c 0](1.5) = O 


+ î ZF y = 0; B,+8.3330]-2-2-2-2 = O 

B, = 1.333 kN = 1.33 kN 

B x - 8.3330] = 0 

B. = 5.00 kN 


. ZF X = 0; 


For pin A andC, 


4, =C X =F <c g) = 8.3330) = 5.00 kN 
A, = c; = F iC Q] = 8.3 33 Q] = 6.67 kN 


Frora FBD (b), 


Ç + 1M d = 0; 5.00(4)-8.333^](2)-Af o =0 

M 0 = 10.0 kN m 

+ ÎZF, =0; D, - 1.333 - 8.3330] = 0 


► I F x = 0; 


D r = 8.00 kN 


8.3330]-5.00-0, =0 
- 0 - 


Ans 


Ans 


Ans 

Ans 


Ans 


Ans 


Ans 


2kN2kN2kN 2kN 



ZW 
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6-78. Determine the horizontal and vertical components 
of force at C which member ABC exerts on member CEF. 



3 ft— 300 lb 


Member BED: 


(,+ Z M b = 0; -300(6) + Ey( 3) = 0 


£; = 600 lb 


ìx=ÎOOU) . -4 > 0 ^ 

vL 


* ÌOOLb 


300 U 


+ ÎIE =0: 


-+I.E = 0; 


Member FEC : 


! + = 0 : 


- B y + 600 - 300= 0 


S v = 300 lb 


- 300 = 0 (1) î 


300(3) - ^(4) = 0 


E, = 225 lb 


I 3f t I 

jOOUi 


- 300lb 



i cx--7ril 

T 

/ 

/î 

// 6^-50011, Hff 


From Eq. (I) 


= 0; 


S r = 75 lb 


- Q + 300 - 225 = 0 


ift 3fr 1 


Member ABC : 


C x = 75 lb 


, + JM a = 0; -75(8) - Ç(6) + 75(4) + 300(3) = 0 


C y = 100 lb 
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*6-80. The hoist supports the 125-kg engine. Determine 
the force the load creates in member DB and in member 
FB, which contains the hydraulic cylinder H. 



Fnt Bodj Diagram : The sohition for dtis ptobtem will be simplified if 
one reslizes ih»t memben FB snd DB sre two foree members. 

Equatioiu of Equilibrium : For FBD(»), 

Ç+ I M t - 0; 1226.25(3) - F n (j=j(2) = 0 

F n = 1938.87 N = 1.94 lcN Ans 

+ Tï^-0; I938.87^=j- 1226.25 -E, =0 

E, -613.125N 


=0; fj, - 1938.87 -= = 0 

lyïôJ 


E, = 613.125 N 


Frora FBD (b), 


(+TMc~ 0-, 613.125(3) -F, 0 tm*5°(l) ~0 

V F tD - 2601.27 N- 2.60 lcN Ans 



IZSC9S0 
/Zzé -2SH (a ) 


-ŷí/iasrJ 


H*éìi-US 
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ww '^Ì? Cl ï$âenmne ?Sfíorce )l P on the cord, and the angle 6 
that the pulley-supporting link AB makes with the vertical. 
Neglect the mass of the pulleys and the )ink.The block has 
a weight of 200 lb and the cord is attached to the pin at B. 
The pulleys have radii of ry = 2 in. and r 2 = 1 in. 


+ = 0 ; 


2r - 200 = 0 


T = 100 lb 





20OUj 


->LF X = 0; 


100 cos45° - F ab sin0 = 0 


+ î IF'y =0; 


F All cos9 - 100 - 100 - 100 sin45° = 0 


8 = 14.6° 


F ar = 280 lb 


lOOLfe lOOLfe 


HaiH ° f ‘ he ' S '° be iÌfted USÌn Ê 3 Smooth - 

= d 10 ' ft lon § board - Tbe car has a weight of 3500 Ib and 
a center of gravity at G. Determine -,e position x of the 
fulcrum so that an applied force o. 100 !b at E will lift 
the front wheels of the car. 



1.5 ft 3.5 ft 


ÒSOClb 


Frti Body Diagram : Whcn the front wheels are lifted, the normal 
reacoon /V, = 0. 

Equasions of Equilibrium : Frora FBD (a), 

(+IW A =0; 3500(4.5)-F c (9.5)=0 F c = 1657.89 lb 

From FBD (b), 

(+ = 0; I00(x) - 1657.89( 10-x) = 0 

X = 9.43 ft Arw 



I / I 3-S/t | f5/t 

Fc L ^e-o 
i-sft 



F c 'll*S7ô? !b 
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6-83. The wall crane supports a load of 700 Ib 
Determine the horizontal and vertical components of 
reaction at the pins A and D. Also, what is the force in 
the cable at the winch W? 



+ T ZF, - 0; 2 T - 700 > 0 


" T 


r- 350tt> Ao 


Member ABC: 


Í +I M, ” <h T, 0 lio 45* (4) - 350im60“ (4) - 700 (8) > 0 
T, 0 • 2409 Ib 

♦ Tl/r «0; -A, + 2409sin45* - 350iia<0*~ 700 -0 


\ - 700 Ib An 


-*ZF, • 0; A, - 2409cos 45“ - 350coi60° +350- 350 - i 
\ - 1.88 kip Ana 


D, • 2409 ooi 45° - 1703.1 Ib » 1.70 kip Am 
D, • 2409sin45° - 1.70kip Am 


4y 7V 3Coll> SgQ 'l» 

As r 7cjlb 

3Soa 

i+du, 


339 





w\i!/fr.%4aciE^BtsnkiblcI^ïp(fbcc®ithat the smooth roller C' 
exerts on beam AB. Also, what are the horizontal and 
vertical components of reaction at pin A1 Neglect the 
weight of the frame and roller. 


60 lb • ft 
X \ 


(. +ÏM Á =0; 


■60 + D x (0.5) = () 


D x = 120 Ib 


éOU-fjt 


~1 O-Sft 


-+L F x =0; A, = 120 lb 


+ î LF y = 0; 4 = 0 


(,+ÏM b =0; 


-W c (4) + 120(0.5) = 0 


~ 15.0 Ib Ans 

6-85. Determine the horizontal and vertical components 
of force which the pins exert on member ABC. 



-+ZF =0; 


+ Î2Ç =0; 


( +IM C = 0; 


. + 1M d = 0; 


A x = 80 lb 


4 — 80 lb Ans 

80(15) - 3 (9) = 0 


SOM, (\ 


B y — 133.3 — 133 lb Ans 
-80(2.5) + 133.3(9) - 5,(3)= 0 


Ift t 


B x = 333 lb 


-+ZF X =0; 


+ Î24 =0; 


80 + 333 - C x =0 


C x = 413 Ib 


■80 + 133.3 - C= 0 


m-^r~LL*JîL 

| 6x 

Soa 


C y = 53.3 lb 
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6-86. The engine hoist is used to support the 200-kg 
engine. Determine the force acting in the hydraulic cylinder 
AB , the horizontal and vertical components of force at the 
pin C. and the reactions at the fixed support D. 


_ _ | t 350 mm j j 


\\ i I 850 mm 

v\/7 



Frtt Body Diagram : The loluaon for thu problcm wil) be simplified if 
one realizes that member A B is a two force member. From the geometry. 


= J 350 2 + 850 2 - 2 (350) (850) cos 80° = 861.21 mm 


sm 6 sin 80° 


850 861.21 

Equalions of Equilibnum : From FBD (a), 


(+ ZM C = 0; 1962( 1.60) -F Á> sin 76.41°(0.35) = 0 

' F.. - 9227.60 N = 9.23 lcN 


2* ZF, = 0; C, -9227.60cos 76.41° = 0 

C, = 2168.65 N = 2.17 ltN 


J50mm (&.) 


/ c53m '* 1 


í40Sin io‘rr\ 


+ ÎEF, =0; 9227.60 sin 76.41°- 1962- C r =0 

C y =7007.14 N = 7.01 kN 


From FBD (b), 


I* ZF, = 0; D, = 0 An» 

+ T ZF y = 0; D y - 1962 = 0 

D y = 1962 N = 1.96 kN An» 

+ IAf D = 0; 1962(1.60-1.40 sin 10°)-M„=0 

M n = 2662.22 N m = 2.66 lcN • m Ans 




(/■ <o0-t-ÍO 6in 10 ’) m 



'o/ \l40m 
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and vertical components 


u'saJi?i^i 1 ifS'iS% ! lb|l|Sîí.îSRÍ a * 

torce at pins B and C. 



+ luVÍ A =0; 

Alf; = 0; 
+ ÎI/> =0; 
l, + IM b =0; 

AlF, =0; 


-Cy (8) + c x (b) + 50(3.5) = 0 
A, = c x 

50 - A y - C y =0 
-50(2) - 50(3.5) + C y (8) = 0 
C y = 34.38 = 34.4 lb 
C x = 16.67 = 16.7 lb 
16.67 + 50 - B x =0 
B x = 66.7 lb 


+ TZÇ =0; 


B y - 50 + 34.38 = 0 
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6-90. The loggle elamp is subjected to a force F at the 
handle. Determine the vertical clamping force acting 
at E. 


Frtt Boij Diagram : The joluóon for *u problero will be sirapUfiai if 
one realizes ttuu member CCisi two foree member. 

EquaXions of Equilibrium : From FBD (a), 


Ç+ZM, =0; 

F co cos 3O°0-F co sin 30°^ 
F cd = 10.93 F 

J-F(2a) = 0 

+ tZF r =0; 

10.93Foos 30 °-F-B r =0 

B r = 8.464F 


Í*ZF, =0; 

From (b). 

B m - 10.93sin 30° = 0 

B, = 5.464 F 


Ç+ZM, =0; 

5.464F(a) -Fg( l.Sa) = 0 

F e = 3.64 F 

Ans 
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6-91. Determine the horizontal and vertical components 
of force vvhich the pins at A, B, and C exert on member 
ABC of the frame. 


-1.5 m—4--2 m- 


2.5 m | 


S I 

| 2 m 

1 1 


‘. + IA/ £ =0; 


-A, (3.5) + 400(2) + 300f3.5) + 300(1.5)= 0 


Ay = 657.1 = 657 N 


( »+IAÍ 0 =0: - C v (3.5) + 400(2)= 0 


C v = 228.6 = 229 N 



, + 1M„ =0; 


C = 0 


= 0 ; 


+ ÎSF V =0; 


F bd ~ Fbe 


657.1 - 228.6 - 2( — )F BD = 0 
V 74 

f bd = f b E = 368.7 N 


^OOJ 

2 rr \ 

f 

i 

~r n*— 


B x = 0 


5 V = -=(368.7) (2) = 429 N 
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*6-92. The derrick is pin-connected to the pivot at A. 
Determine the largest mass that can be supported by the 
derrick if the maximum force that can be sustained by 
the pin at A is 18 kN. 



AB is a two - force member. 

Pin B 

Require F AB = 18 kN 

+ T U\ = 0; 18sin60° - — sin60° - W = 0 

y 2 

VT = 10.878 kN 

10.878 

m = - = 1.11 Mg Ans 

9.81 6 
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^^gsaqiltìêPÌftïiSeblflfisgiê^gfgd mass of the suspended 
cylinder if the tension in the chain wrapped around the 
freely turning gear is to be 2 kN. Also, what is the 
magnitude of the resultant force on pìn A? 



W = 3.586 kN 


m = 3.586(1000)/9.81 = 366 kg Ans 

+ 

= 0; 4-3.586cos45° — A x = 0 

A z = 1.464 kN 

4-Te/^ =0; 3.586sin45° - A =0 

Ay = 2.536 kN 

f a = J (1.464) 2 +7^536 T 2 = 2.93 kN Ans 


(2sin30 


(a) 

4T 



r / 


A' 
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6-94. The pumping unit is used to recover oii. When the 
walking beam ABC is horizontal, the force acting in the 
wireline at the well head is 250 Ib. Determine the torque 
M which must be exerted by the motor in order to 
overcome this load. The horse-head C weighs 60 Ib and 
has a center of gravity at G< .The walking beam ABC has 
a weight of 150 Ib and a center of gravity at GB, and the 
counterweight has a weight of 200 Ib and a center of 
gravity at G w • The pitman, AD, is pin-connected at its 
ends and has negligible weight. 


Fnt Body Diagram : The solution for Uus problem wiil be simplified if 
one rcalizcs thai the pitmin AD is a two force meraber. 

Equations of Equilibrium : From FBD (a), 

Ç+IMisO; ^ O sin70°(5)-60(6)-250(7) = 0 
F*d = 449.08 !b 

From (b), 

0; 449.08(3) - 200cos 20°(5.5) -Af = 0 

«=314!b-ft Ans 





www.6^cin^ete»mS!tegffié'tfeçeè P on the cable if the spring 
is compressed 0.5 in. when the mechanism is in the 
position shown.The spring has a stiffness of k = 800 lb/ft. 



Prob. 6-95 


F E = ks = 800( —) = 33.33 lb 


í, + X M a = 0; B x (6) + B y (6) - 33.33(30) = 0 


B x + By = 166.67 lb 


+ ZM d =0; B y ( 6) - P( 4) = 0 


B y = 0.6667 P 



-^ZF X - 0\ -B x + F cû cos30° = 0 (3) 

(, sin30°(6) - P(10) = 0 


f 4/>v 


F cd = 3.333 P 


Thus from Eq. (3) 

B x = 2.8867 P 

Using Eqs. ( 1) and (2) : 

2.8867 P + 0.6667 P = 166.67 


P = 46.9 Ib 
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*6-96. Determine the force that the jaws J of the metal 
cutters exert on the smooth cable C if 100-N forces are 
applied to the handles. The jaws are pinned at E and A, 
and D and B. There is also a pin at F. 



Fr„ Body Diagram : The solution for this problcan will be simplified if 
onc realizes thaí merabcr ED is a two forcc mcrabcr. 

Equations o/ Equilibrium : From FBD (b), 

->1/^=0; ^ sQ 


From (a). 


(VlM,. = 0; t,Jin 15° (20) + I00sinl5°(20) 

-lOOcos 15°(400) = 0 


From FBD (b), 


-4, =7364.10 N 


Ç* XM C = 0; 7364.10(80) - F c (30) = 0 

F c = 19637.60 N= 19.6 kN An» 
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shown ^ C th C i ° mpound arr angement of the pan scale is 
shown. If the mass on the pan is 4 kg, determtne the 

anj' : (!" ta r Vertlcal com ponents at pins A, B, and C 

ZÌZ X ° f the 25 -" mass kecp scale in 



Fr " Body Dìagram : The îolunon for thú problmi wOJ bc sunplified if 
onc roaìues that mcmber, DE snd FG arc two forcc members. 

Equanons of Equilibrium : From FBD (a), 

f + = 0; F D£ (375) -39.24(50) = 0 F oe = 5.232 N 

+ ÎX^=0; /(,+5.232-39.24 = 0 

\ = 34.0 N Ana 


> ZF l = 0; 


From (b). 


f+LVf c =0; />c(300) -5.232(75) = 0 f fc = 1.308 N 


+ Tz/ V= 0: q- 1.308 -5.232 = 0 

Ç a 6.54 N 


50 *« I I Ì2Ç/» 
—4 m- 



+iîòl)*ì9lAti 

(et) 

Cv 



'"4^ 75 /r ri ' * 


From (c), 


^+LVf, =0; I.308( 100)-0.24525(825-x) =0 

x = 292 mm 

+ T ^>=0; 1.308-0.24525 - B, =0 

B, = 1.06 N 


>L^ =0; 


5 / 3.2(9 fj 


4/ I 775-K 

100 m rr\ 


O0Z5(f-8D 


- ) 0Z4-S2S f! 
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6-98. The scissors lift consists of nvo sets of cross 
members and two hydraulic cylinders, DE , symmetrically 
located on each side of the platform. The platform has a 
uniform mass of 60 kg, with a center of gravity at C,.The 
load of 85 kg, with center of gravity at C 2 , is centrally 
located on each side of the platform. Determine the force 
in each of the hydraulic cylinders for equilìbrium. Rollers 
are located at B and D. 


Free Body Diagram : The soludon for this problem will be simpliTied if 
one rcalizes Ihai the hydraubc cyclinder DE is a two force meraber. 


-1.2 m-r— 2 m - 



[— 1 5 in —1.5 m —) 


&mo-8iie5ri á>c90')’5adbr 


Equaiions of Equilibrium : From FBD (a), 

C+I M Á =0; 2N b (3) -833.85(0.8) - 588.6(2) = 0 

2 N. = 614.76 N 


+ î I/ỳ = 0; 2A,+614.76-833.85-588.6 = 0 

2 A, = 807.69 N 

FromFBD(b), 

(+ 7M„ = 0; 807.69(3) -2C, (1.5) -2Ç, (1) = 0 

2C, + 3<Ç =2423.07 

Frora FBD (c), 

C+IAÍ f = 0; 2C, (1)-2C, (1.5) -614.76(3) = 0 

2C.-3C, = 1844.28 


1 0-Bm\ tm 


V (*) 

2A j- 6°7 é9 /J 



Solving Eqs.[l) and [2] yields 


Frora FBD (b), 


C, = 1066.84 N C, = 96.465 N 


► ET, =0; 2( 1066.84) - 2F DE = 0 

F oc = 1066.84 N= 1.07 kN 
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6-102. 'Hie bucket of the backhoe and its contents have 
a vveight of 1200 Ib and a center of gravity at G. Determine 
the forces of the hydraulic cylinder AB and in links AC 
and AD in order to hold the load in the position shown. 
The bucket is pinned at E. 



120 tF—- 


Free Body Diagram : Thc solution for this problcm will be simplificd if 
onc rcalizes that the hydraulic cyllinder AB, links AD and A C arc two 
forcc mcrabers. 

Equaiions of Equilibrium : Frora FBD (a). 

1M e - 0; ^ c cos60°(l) + ^ c sin60°(0.25) 

-1200(1.5)=0 

F ac = 2512.19 lb = 2.51 kip Ans 

Usíng method of joint [ FBD (b) ], 

+ ÎX/>= 0; 2512.19sin 60° - F AB cos 45° = 0 

F Al = 3076.79 lb = 3.08 Idp Ans 

-+ IF, = 0; F ad - 3076.79sm 45° - 2512.19cos 60° = 0 
F ad ~ 3431.72 lb = 3.43 lôp Ans 


IZOO I k 



01SH' 1 / 5it 


1 




A 

Véo' 
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6-103. Two smooth tubes A and 6, each having the same 
weight, VV, are suspended from a common point O by 
means ot equal-length cords. A third tube, C, is placed 
between A and B. Determine the greatest weight of C 
without upsetting equilibrium. 



Frtt Body Diagram : When (he equilibnuro is about (o be upseU the 


reaction ai B must be zero {N B - 0). Frora the geomelry, 0 = cos" 


= 48.19“ and 0 = a>s''(£J = 75.52°. 


Equations of Equilibrium : From FBD (a). 


-► ZF t = 0; Tcos 75.52° - N c cos 48.19° = 0 

+ Tr/ŷ=0; Tsin 75.52°-N c sin 48.19°- IV = 0 


Solving Eq. [ 1] and [2] yields. 


r= 1.4521V N c =0.54451V 


FromFBD(b). 


S Ì--75V/. 




+ Tlf 7 =0; 2(0.5445Wsin 48.19°) - W c = 0 

W c = 0.8121V 




^C~°-5445 V/ 
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,* 6 _lrt4 The double link grìp is used to Hft the beam. 
K thc beam we,ghs 4 kN. de.ermme thc honzootal and 
vertìcal components of force actmg on t t. P' 
thc honzomal and vertical components ot forcc 
flanae of the beam cxerts on thc jaw at B. 


>5fc+. 

:./> 1 






- N- 

%_L 

1 

280 mm T 

[230 inm 


Free Body Diagram : Thc soluûon for this problcm will bc simplifïcd if 
onc r ealizes that racmbcrs £f) and CD are two forcc mcrabcrs. 

Equaxions of Equilibrium : Using racthod of joint [FBD (a)], 

+ T= 0; 4-2Fsin45 0 = 0 F= 2.828 kN 

From FBD (b), 

+ T LF y = 0; 23 y -4 = 0 B y = 2.00 lcN Ans 

Frora FBD (c). 

£+LV(, =0; B, (280)-2.00(280)-2.828cos 45°(120) 

-2.828sin 45°(160) =0 
B, =4.00kN Aru 

+ ÎL^=0; Ay + 2.828sin 45° — 2.00 = 0 

A, = 0 Ans 

^ZF,= 0: 4.00+2.828cos45°-A, =0 

A, = 6.00 kN Ans 


c 

' 4 


\^4?' 

/ 

F 



S r=2ez& k*J 






> 


ÔX * 

l(:Qirur\ 

ZQO rn rr 


4W 


«5 
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6-105. The compound beam is fixed supported at C and 
supported by rockers at A and B. lf there are hinges (pins) 
at D and E, determine the components of reaction at the 
suooorts. Neglect the thickness of the beam. 


B D T E 


r T 6 ft— t4 ft-t-4 ft-1—4-4 ft —j-——-—8 ft - 
2 ft 2 ft 2 ft 


Equaiions of Efuilitrium : Frora FBD (•), 

(+IM„= 0; E,( 6)-900(2)=0 E, = 300 Ib 

+ tïF r =0; D, + 300 - 900 = 0 D, = 600 Ib 


= 0 ; D.-E, =0 [ 1 ] 

From FBD (b), 

Ç+IM Á =0. B, (10) + 400(2) — 300(6) — 600( 14) = 0 

B, = 940 Ib An. 

+ Î£í;=0; A, +940-400-300-600 = 0 

A, = 360 lb Ans 

-> EF, = 0; D, = 0 

Substitute£>, = 0 into Eq.[ 1] yields E,=0 
Frora FBD (c), 

Ç+1M C =0\ 300( 10) + 65o(j? j(8) -M^ =0 

M c = 7800 lb ft = 7.80 ldp ft Ans 

+ TZE, =0; Ç-300-650^ j = 0 C;=9001b Ans 
-*I£=0; c,-65°(l) = 0 C,=250!b Ans 


Uft 4 ft 1 
L A ) 


ÌOOtb 


Uff é/t 


4/t | 4/f 


1 rt; 

Cf=j00lk &50lb 

« I / 


ÍW a *—II 

(C; ? 
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6-106. Determine the horizontal and vertical 
components of force at pin 5 and the normal force the 
pm at C exerts on the smooth slot. Also, determine the 
moment and honzontal and vertical reactions of force at 
A. There ìs a pulley at E. 



BCE: 


‘ + IA/s ° : ~ 5 °í 6 ) ~ N c( 5) + 50(8) = 0 


N c = 20 ib 


+ 20<í, - 50 . 0 
B * = 34 lb An . 


+ Ti/ç = 


0; B y ~ 20(~) - 50 = 0 

B y = 62 lb Ans 


-^=0; -4, - 20(- 4 ) + 50 = 0 


A x = 34 ib 


+ Tze = 


y °’ -A, + 20(~) = 0 

^ = 12 lb J 


_0; a/ a + 20 (f)(4) - 50(8) = 0 


^ 6 







/ 

p -&r> 

1T 

I 

4I^1_ax 


■'Hí 336 lb-ft Ans 
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6-107. The symmetric coil tong supports the coil which 
has a mass of 800 kg and center of mass at G. Determine 
the horizontal and vertical components of force the 
linkage exerts on plate DEIJH at points D and E. The 
coil exerts only vertical reactions at K and L. 


300 mm 




r 


Frtê Body Diagram ;-The soluoon for Ihù problem will be simpbned if 
one icalùes ihar linlcs BDuxì CFire (he two foroe members 

Equaiions of Equilibrium : From FBD (a), 

Ç + ÏM l =0\ 7848(jr)-F r (2x) =0 F K = 3924 N 


Frora FBD (b), 

=0; /Jo«« 45°(IOO) + /î D sin 45°( 100)-3924(50) =0 

F,„ = 1387.34 N 

=0; 4, - 1387.34cos4î° = 0 A x =981N 

+ î£^=0; Aj - 3924- I387.34sin 45° = 0 
4, = 4905 N 

From FBD (C). 

ÇzM c = 0; 4905sin 45°(700) -981sin 45°(700) 

~F cr cos 15°(300) =0 

F cf = 6702.66 N 

-»^=0: E, -981-6702.66cos30° = 0 

E, = 6785.67 N = 6.79 lcN Ans 

+ ÎZF y =0-, Ef +6702.66sin 30° -4905 = 0 

Fý = 1553.67 N = 1.55 kN Ans 


At pornt D, 


D, = F bd cos 45° = 1387.34cos 45° = 981 N Ans 

D j = F to sin 45° = 1387.34sin 45° = 981 N Ans 


8oo(9£0*7Sf8 k 



(*) F l 



Fs&ZArJ 


~00 fDjr) 



h?%lû 
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*6-108. It' a force of 10 Ib is applied to the grip of the 
clamp, determine the compressive force F that the wood 
block exerts on the clamp. 

0.75 in. 



From FBD (a) 

= 0; F ™ cat 69.44»(0.5) - 10(4.5) =0 F c0 = 256.32 lb 
+ ÎLF, =0; 256.32 sin 69.44«- B, =0 B, = 240Ib 

Frora FBD (b) 

(^=0; 240(0.75) -F( 1.5) =0 F=1201b A» 
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6-109. If each of the three uniform !inks of the 
mechanism has a length L and vveìght W, determine the 
angle 8 for equilibrium.The spring, which always remains 
vertical, is unstretched when B = 0°. 





Free Body Diagram : Thí jpnng jtmdra x = £jm 9. Then. the jpnng 


foree is F lp = tr = — lm 9. 

Equaiions of Equilibrium : From FBD (b), 
Çr ÏM, =0; C, = 0 

-* ZF, = 0 ; B, = 0 

+ î = 0; B,-C,-W = 0 

From FBD (a). 


~ 0: C y (Icos 9) - w(íi 


-cosd = 0 


Subjnmm r; = - mt0 Eq.HI. we h.vc 9, = Ç. Frem FBD ( 
C+TM =n. Jl -'t 


C + - 0; —sin 9^cos 9^ 



% _ í _, ^ 

1 Hzcoi&' 

(4) 



u C°) 


ì 31V 


J- —(icos 9) =0 
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<WM í us?çie®îitq5ÌSi#>teaaeiP t lM 1 i weight of 7000 lb and 
center of gravity at Gj. It is pin-connected to the cab at 
D. The cab has a weight of 6000 lb and center of gravity 
at G c . Determine the range of values x for the position 
of the 2000-lb load L so that when it is placed over the 
rear axle, no axle is subjected to more than 5500 Ib. The 
load has a center of gravity at G c . 


; 4I ‘vl ' ' |i< 


hrftHs — 10 12 


Case 1 : Assume Ay = 5500 lb 


I + IM R =0; 


-5500(13) + 6000(9) + £» (3) = 0 


+ ÎIF y =0; 


D v = 5833.33 lb 


B y - 6000 - 5833.33 + 5500 = 0 
B y = 6333.33 ib > 5500 lb (N.G!) 


Case 2 : Assume S v = 5500 lb 


(, +IM Á =0; 5500(13) - 6000(4) - D y { 10) = 0 


>—j b,000lb 

/J 

U— 

L o=b" 

î! î 

■Hi- m- 


+ T ÏF y =0; 


+ ÎXÇ =0; 


A = 4750 Ib 


Ay - 6000 - 4750 + 5500 = 0 
Ay = 5250 lb 

4750 - 7000 - 2000 + Ç = 0 


l,0OoU 


V>ooU> 


lîft t3f* 


C, = 4250 lb < 5500 Ib (O.K!) 


l+ZM„ =0: 


-7000(13) - 2000(13 + 12 -x) + 4250(25) = 0 


X = 17.4 ft 
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Case 3 : Assume C y 

= 5500 lb 

+ ÎIF, =0; 

D y - 9000 + 5500 = 0 


D y = 3500 lb 

— 0; 

-3500(25) + 7000(12) + 2000(t) = 0 


* = 1.75 ft 

= 0; 

-6000(4) - 3500(10) + fl y (13) = 0 


B y = 4538.46 lb < 5500 lb (O. K!) 

+ ÎXF, =0; 

Ay - 6000 - 3500 + 4538.46 = 0 


Ay = 4961.54 lb < 5500 Ib (O. K!) 

Thus, 

1.75 ft ^ x < 17.4 ft Ans 


6.111. The three pin-connected members shown m the 
top vieii’ support a downward force of 60 lb at G.U on y 
vcrtical forces are supported at the connect.ons B, C. t 
and pad supports A. D. F. determine the react.ons at each 

pad. 

Equations of Equilibrium : Frora FBD (a), 

£+IAÍ o = 0; 6O(8) + F c (6)-F,(10) = 0 [1] 

+ ÎEF,=0; F, + F d -F c -6 0 = 0 [2] 

From FBD (b), 

Ç+ZM F = 0; F e (6)-F c (10) =0 [3] 

+ î = 0; F c +F f -F e = 0 [4] 

From FBD (c), 

(+ZAÍ,=0; F e (\0) — F, (6) =0 [5] 

+ ÎXF,=0; F a +F e -F, =0 [6] 

SolvingEqs.fi]. [2]. [3], (4), [5] and [6] yields, 

F c = 36.73 Ib F c = 22.04 lb F s = 61.22 lb 

F D = 20.8 lb F f = 14.7 Ib F, = 24.5 Ib Ans 


6/t 

Ft Fc 

C*) 


íft 

Fc h 

C=) 


íft T4Ït 




- 4 ft —I m 6 ft 


F ' F * 

fR 
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*6-112. The aircraft-hangar door opens and closes 
slowly by means of a motor which draws in the cable AB. 
If the door is made in two sections (bifold) and each 
section has a uniform weight W and length L, determine 
the force in the cable as a function of the door’s position 
6. The sections are pin-connected at C and D and the 
bottom is attached to a roller that travels along the 
vertical track. 
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of 175 lb attempts to lift 
himself using one of the two methods shown. Determine 
the total force he must exert on bar AB in each case and 
the normal reaction he exerts on the platform at C. 
Neglect the weight of the platform. 





(a) 


Bar: 


T ZF y = 0; 2(F/2) - 2(87.5) 0 

F = 175 lb Ans 


Man: 


+ î 'LFy = 0; N c - 175 - 2(87.5) 0 

= 350 lb Ans 


(b) 


Bar : 


.'[‘ZF = 0; 2(43.75) — 2(F/2) 0 


L 


f 7. Sli 


F 

2- 


rr 



«. 75«.7514 

T î 


F = 87.5 lb 


Ans 


4 4 

4 4 


6 


Man: 


î LF V = 0; N c - 175 + 2(43.75) = 0 
= 87.5 lb Ans 
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6-U4. A man having a weight of 175 Ib attempts to lift 
himse f usmg one of the two methods shown. Determine 
the total force he must exert on bar AB ì n each case and 

l e “ reactl0n he exerts on the platform at C The 
platform has a weight of 30 lb. 


(a) 

Bar : 

+ T = 0; 


102.5U> 102.5 ib 



F = 205 lb Ans 


-r 


I02.5U 


>-4 

î 


102-5 lb 


Man: 

+ T IF V = 0; N c - 175 - 102.5 - 102.5 = 0 
N c = 380 lb Ans 


(b) 


Bar: 

+ ÎZF y =0; 2( F/2) - 51.25 - 51.25 = 0 

F = 102 lb Ans 


Man: 



51.25 + 51.25 = 0 
lb Ans 


115U> 
100.SU> I 



II 


Nc 


102.5U> 

ò 

V + 

5í.25U> 51..25U 


51.25U: 


51.25U 


11511 » 
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6-115. Fhe piston C moves vertically betvveen the two 
smooth walls. If the spring has a stiffness of k = 15 lb/in 
and is unstretched when d = 0°, determine the couple M 
that must be applied to AB to hold the mechanìsm in 
equilibrium when 9 = 30°. 



+ = 0; 27.97cos 40.53° (8) - M = 0 

M= 170.08 lb in = 14.2 lb-ít Ani 


k = !5 Ib/in. 


Gtonttrj 


sin yr iin30° 


y>= 19.47* 


8 12 

«= 180° - 30° - 19.47 = 130.53° 

'ac 12 

srn 130 53° ~sin 30° ',c~ 18-242 m. 

Frtt Body Diagram : The solution for this problcm will be simplifìed if 
one rcalizes thai mcmber CB is a two force member. Since the spring 
strctchesx = f, c - Cc = 20- 18.242 = 1.758 in.the spring force 
“ F „ = kx = 15( 1.758) = 26.37 lb. 

Equations of Equilìbrium : Using thc method of joints [FBD (a)], 

+ T ZF r = 0; F ct cos 19.47° - 26.37 = 0 
F ct = 27.97 Ib 

From FBD (b), 


S'Tl. Ád , V' 

4 

tzA 




F if> -Z(r bl Ib 
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-116. The two-member frame supports the loadina 
shown. Oetermine the force of the roiler at B on member 
' u- a nd the honzontal and vertical components of force 
which the pm at C exerts on member CB and the pin at 

/1 exerts on member AC. The roller does not contact 
member CB. 




Jk 500lbft 


Equmìons of Equilibríum : From FBD (a), 

Ç+ÏM* =0; N c (4) -200(5) -500 = 0 yV c = 375 lb 

F - “ 0; A, = 0 Ans 

+ ÎIÇ=0; 375 - 200-A, =0 A, = 175 Ib Ans 

Frorr FBD (b), 

Ç+1M C = 0; 200(5) - 200(1)-5, (4) =0 



B, = 200 lb 

Ans 

^ F x = 0; 

200 - 200- C, = 0 C, = 0 

Ans 

+ T ZF y * 0; 

c, ~ 200 = 0 q = 200 lb 

Ans 
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6 - 118 . The mechanism is used to hide kitchen appliances 
under a cabinet by allowing the shelf to rotate downward. 
If the mixer weighs 10 lb, is centered on the shelf, and has 
a mass center at G, determrne the stretch ín the sprîng 
necessary to hold the shelf in the equilibrium position 
shown. There is a similar mechanism on each side of the 
shelf, so that each mechanism supports 5 lb of the load. 
The springs each have a stiffness of k = 4 Ib/in. spring. 



ç| 30° 


^ + IM F = 0; 5(4) - 2(F £o )(cos 30°) =0 j,' 

Fed = 11.547 lb 

+ 

=°: -F x + 11.547 cos30° = 0 

F x = 10.00 Ib 

+ =0; -5 + F y - 11.547sin30° = 0 

Fy = 10.77 lb 

Member FBA : 

{ ‘ +JM a = 0: 10.77(21 cos30°) - 10(21 sin30°) - F s (s in60' 

F s = 17.5 lb 

F, = ks ; 17.5 = 4x 

x = 4.38 in. Ans 



-> trj 

r_ 


1, 

L_ 


1 





'• r 


4ih. T. 

| W.TI 

lolb X. Fs 

' / \X 


)( 6 ) = 0 
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w W§ _aci W i &í g a ^ î §pQj. fi p. a u,ic jack is shown If the 
load on the jack is 2000 lb, determine the pressure acting 
on the fluid when the jack is in the position shown. All 
lettered points are pins. The piston at H has a cross- 
sectional area of A = 2 in 2 . tìint: First find the force F 
acting along link EH.'Yhe pressure in the fluid is p = FIA. 


2 1 ,— 2 i 




3yin. 




{, + IMc - 0; - F ab (sin60°)(4) + 2000(2) = o 


F AB = 1154.70 lb 




-+IF X = 0 ; r- F a 


■x ~ F ab cos60° = 0 


C x = 577.35 lb 


+ T IF y = 0; r + i 


154.70sin60° - 2000 = 0 


C y = 1000 lb 


/5TT0 >-b 

^ - SJï.zSQ, 


1 + ZAÍ o 0; F( 5) + 1000(30cos60°) + 577.35(30sin60°) = 0 


F = 6000 lb 


F 6000 


.ul. 


^ ^ ~ ^OOO psi 


373 




www.usacinqenieria.blogspot.com 

*6-120. "Detei.nine the required force P that must be 
applied at the blade of the pruning shears so that the 
blade exerts a normal force of 20 lb on the twig at E. 


0.75 in. 0.75 in. 


[ +IM d = o 

; —P(5.5) —A x (0.5) f 20(1) 

5-5 P + 0.5 4 = 20 

+ ÎI^ =0; 

+ 

l 

i 

> 

i 

N> 

O 

II 

o 

-*ZF X =0; 

II 

> 

(. +EM b = 0; 

Ay (0.75) + 4(0.5) - 4.75. 

= 0; 

~ FcB ( ~j= ) = 0 

VÌ3 

+ ÎLF y =0; 

+p- Fcb(~) = 0 


374 








375 





www.usadngenieria.blpgspot.com 
6-122. The hydraufic crane is used to lift the 1400-lb 

load. Determine the force in the hydraulic cylinder AB 
and the force in links AC and AD when the load is held 
in the position shown. 




1 +ZM ° = 0: *.<•ineo-xi) . 1400(8) _ 0 ”' f 

°* ~ 12 9 32.6J lb = 12.9 Anj 

+ T ^ =0: 129 32. 6 î sin60 o_^ sin7oo= o 

f ai = 11 918.79 lb = n. 9kj p 


'ct | 


=0; -u 


6 - 123 . The kinetic sculpture requires that each of the 
three pinned beams be in perfect balance at all times 
during its slow motion. If each member has a uniform 
weight of 2 lb/ft and length of 3 ft, determine the 
necessary counterweights W u W 2 , and W 3 which must be 
added to the ends of each member to keep the system in 
balance for any position. Neglect the size of the 
counterweights. 


-11 918.79CO.S70» + 12 932.6ÎCOS60» - F AD = 0 
F +° = 2389.85 lb = 2.39 kip AnJ 



.nt 

j 

-~/C 






yL' '1 : 


■ + ™‘ ~ 0: w ' (,COÍ ®) - 6(0.5co S e) = 0 
V > “ 3 » Ans 

+ T2 ^=0; >^-3-6 = 0 

2Ç. = 9 lb 

1 +Uf ‘ = 0: ^dcost) - 6(0.5cosp) - 9 (2c 
* " 21 ,b A« 

+ T ^= 0 ; K. _ 21 _ 6 _ 9 = 0 


^ = 36 Ib 


[+IM C = 0; 



36(2cos 9 ) + 6Í0.JCOSP) - rç(lco„) . „ 
^- 75,b Ans 
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ww@i.l®ficin0ftgiie 1 îe^a S H6fef ( H , a me is connected at its ends 
using ball-and-soclcet joints. Determine the x, y, z 
components of reaction at B and the tension in member 
£D. The force acting at D is F = {1351 + 200j - 180k} Ib. 



AC is a two-force member. 

F = {135i + 200j - 180k} lb 

IM, = 0; -^ M ( 3) + 180(3) = 0 

F de = 270 lb Ans , 

I F t =0; B t + 5(270) - 180 = 0 

B, = 0 Ans 

U M,) t =0; - ^=Ç C (3) — Scí») +135(D +200(3) -5(270)(3) -5(270MD = 0 

F, c = 16.41 lb 

IF = 0; 135 - 5(270) + B, - —^=(16.41) = 0 

' 9 y97 

B , = - 30 lb Ans 

I F =0; B - -p=(16.41) + 200 - 5(270) = 0 

' ' y97 9 


í 



B y = - 13.3 lb 


Ans 
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6-125. The four-member “A" frame is supported at A 
and E by smcxrth collars and at 6’ by a pin. All the other 
joints are ball-and-sockets. If the pin at G will fail when 
the resultant force there is 800 N, determine the largest 
vertical force P that can be supported by the frame. Also, 
what are the x. y. z force components which member BD 
exerts on members EDC and ABC '? The collars at A 
and E and the pin at G only exert force components on 
the frame. 



P = -Pk 


SM, =0; - P(1.2) + 800 sin45°(0.6) = 0 

P = 471 N Ans 

B, + O, = 800 cos 45° 

B, = D, = 285 N Ans 

B, + D y = 800 sin 45° 

B V D, = 283 N Ans 

S ; = D. = 0 Ans 



P 
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'rj: ..™ e s&u, ; ture » subjected to the force of 450 lb 
whtch hes in a plane parallel to the v-z plane Member 
AB is supported by a balI-and-socket joint at A r? 
ttoagh a snug ho,e at B. M« mb e, CD “àp™ J1”“ 

ít'and ;: Ue ‘ erm,n - lhc »■ * t componenu ol reaciio/ai 



8 ft 450 lb 


1M X = 0; 


M Cx = 0 Ans 


UF X = 0; 


IF y = 0; 


ZF z = 0 ; 


C r = 0 Ans 


•450(|) + F ba (~) +C y = 0 
5 /73 


C z + ^(-^L) - 450( ^) = 0 




Lr- 

c ì 


1M V = 0; 


IM, = 0; 


450(L(6) - F BA (-?=)( 4) = 0 
5 y 73 


M Cz + F ba (-A=)(4) - 450(L(6) = 0 

V 73 5 


F ba = 1.538 kip= 1.54 kip Ans 


C z = -0.18 kip 


C y = -1.17 kip 


M Cz = —4.14 kip ft 


A r = 0 


A, = 1.538(-p=r) = 1.44 kip Ans 
y 73 


A, = l.SSSí-^rr) = 0.540 kip Ans 
■/73 
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on member ABC of the four-member frame. 



1531 lb = 1.53 ki 
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6-129. The mechanism consists of identical meshed 
gears A and B and arms which are fixed to the gears. The 
spring attached to the ends of the arms has an unstretched 
length of 100 mm and a stiffness of k = 250 N/m. If a 
torque of M = 6 N • m is applied to gear A, determine 
the angle 6 through which each arm rotates.The gears are 
each pinned to fixed supports at their centers. 



I M^llllíílllll^ 

! V * /m.'ísm» , 



!. + Z M a = 0; 


i,+lM B = 0 ; 


~F( 0-05) - />(0.15costf) +6 = 0 
P(0.15cos6 ) - F(0.05) = 0 
Z/XO.lScosfl) = 6 

2(2)(25O)(O.I5sin0)(O.15cose) = 6 



sin20 = 0.5333 


9 = 16 . 1 ° 
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6 - 131 . The spring has an unstretched length of 0.3 m. 
Determine the angle 6 for equilibrium if the uniform lìnks 
each have a mass of 5 kg. 




^ + ÏM C - 0; -(480 sin 6 - 120)(0.6 cos 6) + £,(0.7 sin0) + 5(9.81)(0.35 cos0) = 0 


[+IM a = 0 ; 


^ = 411.4 cos 6 - 127.4 cot0 


5(9.81)(2)(0.35 cosO) + (411.4 cosfl - 127.4 cot0)(2)(O.7sin0) = 



semu 




♦6-132. The spring has an unstretched length of 0.3 m. 
Determine the mass m of each uniform link if the angle 
8 = 20° for equilibríum. 



(, + IM Á = 0; Ey (1.4sin20°) - 2(m,?)(0.35cos20 o ) =0 J 

E, = 1.37374 (mg) 

(, + 1M C = 0; 1.37374mg(0.7sin20°) + m^(Ó.35cos20°) - 44.1697(0.6cos20°) = 0 


mg = 37.860 

m = 37.860/9.81 = 3.86 kg Ans 
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6- i. ( . Determine the horizontal and vertical components 
ot force that the pins A and B exert on the two-member 
frame. Set F = 0. 

CB n a two • forcc merober. 

Monber AC: 

(+ZM* = 0; -600(0.75) + 1.3 (F c , sin 75°) . 0 

fic§ * 310.6 


B, = B, = 310.6 — > 220 N Aa 

lt/2 J 


■ìoon/^mA 



-*ZF, =0; -\ + 600su60“ - 310.6coa45* » 0 

\ * 300 N Ane 

+ * 0: \ - 600cos60° + 310.6jin45» - 0 




\ > 80.4 N Aa 


6-134. Determine the horizontal and vertical components 
of forcc that pins A and B exert on the two-member frame. 
Set F = 500 N. 


(*1M a «0; -600 (0.75) - C, (1J cos 60°) + C; (1.5 sin 60°) > 0 

Member CB : 


(çIM. = 0; -C, (1) - Ç (1) + 500(1) >0 


C, » 402.6 N 


C, = ?7.4N 



McmbcrAC: 


->lí)_0; - 4, + 600 sm 60° - 402.6 » 0 


A. » 117 N An 


■Tlf, = 0; \ - 600cos 60° - 97.4 « 0 


\ - 397 N Ans 


->ZF, = 0, 402.6 - 500 + B, » 0 


B m 3 97.4 N Ans 


zJ:_Jzzi 




► Tjy, »0; -S, + 97.4» 0 


B, » 97.4 N Ana 
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fi «« yhe two-bar mechanism consists of a lever arm 
AB and?mo^h link CD, which has a fixed co.lar at ,ts 
end C and a roller at the other end D. Determine^ 
force P needed to hold the lever m the P os, lon 0 . 1 ' 
spring has a stiffness k and unstretched length 2L. The 
roller contacts either the top or bottom port.on of 
horizontal guide. 



Fr „ Boáj DUgrmm : Thesprin»comprcsses x- 2 L 0 Then - 

ihe spring force developed is F„ » kx - - —5)- 

Equoiions of Equilibrium : From FBD (»), 

-^,= 0 ; F ‘o^ 9m0 


.iLfî— —) 

sin 0V sm 9 ) 


+ 1M d = 0; 


From FBD (b). 


+ 1^=0; PW-^ê( 2 -Ìê) (t “ ie) = 0 


p - —-- (2 - csc 0) An* 

2tan 0sin 0 



(a; 



P f ' \ 
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*6-136. Determine the force in each member of the truss 

and state if the members are in tension or compression. 



388 
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6-137. Determine the force in members AB, AD, and 
AC of the space truss and state if the members are in 
tension or compression. 


MeíHod of Joints : In this c&se the support reactions are nol fequired for 
determimng the membcr forces. 



F = {-600k} Ib 


^=0; F ÁI 


( 2 ì 

T.F =0; F ad \ -= -600 = 0 

[fîï ) 

F i0 = 2473.86 lb (T) = 2.47 k 

(7^25)“ 


F áD = 2473.86 lb (T) = 2.47 kip (T) Ans 




JSS) ••{7S3Ì DjS) 

0.9829/r c + 0.9829Ç , = 2400 [ 2] 


Solving Eqs. [1] and [2] yields 


F*C “ F a . = 1220.91 Ib (C) = 1.22 kip (C) Ans 


390 



www.usacingenieria.blogspot.com 

The column is fixed to the floor and is subjected to 
the loads shown. Determine the internal normal force, 
shear force, and moment at points A and B. 

Free boáj Diagram : The support reacòon need not be compuied ìn 




lnternal Forces : Applying equanons of equilibrium to the lop segment 
secboned through point A , we have I 50 /mv 


+ ÎIíJ=0; N t - 6-6 = 0 N a = 12.0 kN Ans 

=0; 6(0.15) -6(0.15) -M A = 0 M A =0 Ans 

Applying cquations of equilibrium to dSe top segment sectioned through 
point B, we have 



6kN 
150 mm 



+ ÎIF, =0; N B - 6- 6~8 = 0 N a = 20.0kN Ans 

+ IM B =0; 6(0.15) -6(0.15) -8(0.15)+ =0 

Mm = 1.20 kN • m Ana 


7-2. The rod is subjected to the forces shown. Determine 
the internai normal force at points A, B , and C. 


Frte body Diagram : The support reacòon need not be computed 


ïnternal Forces : Applying equations of equilibriure to the top segment 
secúoned through point A, we have 

+ î ZF y = 0; N a -550 = 0 N A = 550 lb Ans 

Applying equahons of equilibriure to the top segment sectioned ihrough 
poim B, we have 

+ ÎIF ? =0; Ng -550+ 150+ 150 = 0 

N b = 250 Ib Ans 

Applying equadons of equilibrium to the top segreent sectioned through 
point C, we have 


55o ik 550 'b 550 ib 


'50' k J Liçoifc 


1 5° Ib J A LlSOIb 


350 Ib. i . 350 |h 


+ ÎIÍ; =0; (V,-550+150+150- 350-350 = 0 


391 



www.usacingenieria.blogspot.com 

7-3. The forces act on the shaft shown. Determine the 
internal normal force at points A, B, and C. 


Inurnal Forcts : Apptying the equanon of equilibrium lo the left segment 
secuoned through point A, we h«ve 

=0; N t - 5 = 0 N t = 5.00 lcN Ans 

Applying the equation of equilibrium to the right segment secúoned through 
poutt B, we have 


—>ï/ì=0; 4 —N c = 0 N c = 4.00 icN Ans 

Applying the equahon of equilibrium to the right segment sectioned through 
point C, we have 

-*^=0; N a + 4-7 = 0 N, = 3.00 kN Ans 


7' 4 n ' P , lf ha f ft is su PP orted by the two smooth bearings 

A and S. Ihe four pulleys attached to the shaft are used 
to transmit power to adjacent machinery. If the torques 
applied to the pulleys are as shown. determine the 
internal torques at points C, D, and E. 


Intcrnal Forces : Applying the equation of equilibriura to die left segmem 
secnoned ihrough point C, we have 

.£«,=0; 40-r c = 0 r c =40.01b ft Ans 

Appiying the equabon of equiiibnum to the left segment secboncd through 
point D, we have ° 



Pe-n 


Tc 


£M.=0; 40+ 15-72, = 0 T 0 = 55.0 Ib • ft Ans 

Applytng the equabon of equilibriura to the right segment secboned through 
poim E, we have 


40 lk> jt 


IM,=0; 10-r £ = 0 r £ =10.0lbft 



10 Ib-jt 
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7-5. The shaft is supported by a journa! bearing at A 
and a thrust bearing at B. Determine the normal force, 
shear force, and moment at a section passing through (a) 



393 
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7-6. Determinc the internal normal force and shear 
force, and the bending moment in the beam at points C 
and D. Assume the support at B is a roller. Point C is 
located just to the right of the 8-kip load. 



Suppofí Reactions : FBD (i). 


3 K f 
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<X^a^.u^eirtgfâOiiiewtìS3h®fll3Ffaïlcanehe maximum ìntemal 
moment at D reaches 800 N • m or the normal force in 
member BC becomes 1500 N. Determine the largest load w 
it can support. 


Assume maximum moment occurs at D; 
1 + ^d = 0; M 0 - 4w(2) - o 



800 = 4w(2) 


w = 100 N/m 




(.+£*<, =0; -800(4) + T, c ( 0, 



-8U0(4) + T, c ( 0.6)(8) = 0 
T, c = 666.7 N < 1500 N (O.K!) 


M' = 100 N/m 


Determine the shear force and moment acting at 
a section passing through point C in the beam. 



( + LM, = 0; -8,(18) +27 ( 6 > = 0 


-*ZF X = 0; 


A, = 9 kip 


UÇl- lí) 


(. +IMc = 0 ; 


-9(6) + 3(2) + M c = 0 


Mç = 48 Idp-ft Ans 


+ ÎLÇ =0; 9-3 - V c = 0 


V c = 6 kip Ans 


3kif 

J-T 

1k 
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7-12. The boam DFoí tne jib crane and the column 

DE have a uniform weight of 50 lb/ft. If the hoist and 

load weigh 300 lb, determine the normal force, shear - q- m 

force, and moment in the crane at sections passing 1 ’ * ~ ° Ans 

through points A, B, and C. ♦ — _ 

+ =0; V A - 450 = 0; V s = 450 Ib 

D 


v't 

A tS: 



+ ZM * = 0; 150(1.5) - 300(3) = 0; M a = „25 i b .ft Ans 

= 0; N ‘ = 0 Ans S.St4^° U 

+ ÎL/ V =°: v , - 550 -300= 0; V„ = 850 Ib Ans i5«U 

t +IM, = 0; M, 550(5.5) - 300(11) = 0; M, = 6325 Ib ft Ans 

♦ ,íftU 

->5^-0; V c = 0 Ans C.í4íjU- 

+ Tï^-0; (V c - 650 - 300 - 250 = 0; 2V C = 1200 Ib Ans * 

3 ~ u 

t, + LM c = 0; M c - 650(6.5) - 300(13) = 0; M c = 8125 Ib ft AnsV 


7-«13. Determine the internal normal force, shear force, 
md moment acting at point C and at point D, which is 
ocated just to the right of the roller support at B. 

Support Reactiom : From FBD (t), 

f+EM, =0; (8) + 800(2) -2400(4) -800( 10) = 0 

fl. = 2000 lb 


Internal Forces : Applying the equstions of equilibrium to segment ED 
[FBD (b)|, we htve 

ZF X = 0 ; N„ = 0 An* 

+ T ZF y = 0; V D - 800 = 0 V o = 8001b Ans 

Ç+EM o = 0; - Mj,-800(2) = 0 

M d = -1600 lb • fl = — 1.60 lcip - ft Ans 

Applying the equations of equilibrium to segment EC [FBD (c)] , we hnve 

I> ZF X = 0; N c = 0 Ans 

+ t ZF y — 0; V c +2000-1200- 800 = 0 V c =0 Ans 

Çj-EM c =0; 2000(4)- 1200(2)-800(6)-A^ =0 

M c = 800 lb • ft Ans 


A C ^L-ll 
— 4 ft 4--4 ft —--4 ft-...-4 f, _ 

200(4) *8oûH 40XSJ=-24coìb _ 

I I 2 ooct)*gooib 


^ftj 4/( í 4/c l'Jfît 

A 1 <«) B 1 

Z00(4)--8oo\h 

Vif—j—I 

ct> 

300(i)r/2û0>b 

. 2Oo(4)=0OO]b 




VV, i——+ 


l<-+ 

1 ' 

;_j 

_1 

' 


'iH 

2ÂÌ 



8) *ZOoo /í 
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7-14. Determine the normal force, shear force, and 

moment at a section passing through point D of the two- 

member frame. L + ïaí, = 0 ; 


-1200(4) + -F, c (6) = o 



h T LF =0; 


F tc = 2080 N 


— (2080) - A, = 0 


A, = 1920 N 


A, - 1200 + —(2080) = 0 


300H 


Aj, = 400 N 


= 1920 N = 1.92 kN 


h î I F y =0; 


400 - 300 - V D = 0 


(, + ZAÍ d = 0; -400(3) + 300(1) + M D = 0 


M n = 900 N m 


_7 -15. Dete rmine.the__nonnal force, shear íorce,. and 
moment at a section passing through point E of the two- 
member frame. 



400 N/m '‘ + XU * - 0; -1200(4) - l Ftc(6) m „ 


->ZF, = 0 ; 


+ Tj^ = 0; 


Fgc = 2080 N 


~ N e ~ —(2080) = o 


N e = - 1920 N = 


v e - —(2080) = 0 


1 92 ** Ans 


v e = 800 N 


l+ZW £ = 0; 


- , 3 (2080)(3) + -(2080)(2.5) - m e = 0 


«s- 2400 N m = 2.40 lcN m Ans 


v ' 

+-f-f===JJ 
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7-16. The strongback or lìfting beam is used for 

materials handling. If the suspended load has a weight of 
2 kN and a center of gravity of G, determine the 
placement d of the padeyes on the top of the beam so 
that there is no moment developed within the length AB 
of the beam. The lifting bridle has two legs that are 
positioned at 45°, as shown. 


0.2 mTj 
0.2 m J : 



Support Rtactions : Frora FBD (a), 

Ç+ÏM e -ù-, />( 6)-2(3) = 0 /J = 1.00kN 

+ ÎI/J=0; />+1.00-2 = 0 /> = 1.00 kN 

From FBD (b), 

♦ 

-+I/r =0 ; F ac cos 45° - F tc cos 45° = 0 F, c = F, r - F 

+ ÎI/r=0; 2Fsin45“-1.00-1.00 = 0 

F *c = F tc = F= 1.414 lcN 

Int.cnal Force, : Dús problon roquiros A/„ = 0 . Surammg raoraenis about 
pornt H of segment EH( FBD (c)] , we have 

f+ÎA/„ = 0; 100(</+i)-1.414sin45°U) 

-1.414cos45°(0.2) =0 

4 = 0.200 m Ans 



iSc 1 1-414 

F £ --/okh Cc j 
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7-17. Determine the normal force, shear force and 
rtMsytteHhaetn^sM'^saf^fl^through point c. 


700 lb 


i. +2 'M. = 0; 



+ 'I/V = 0; 


t + 1M C = 0; 


-800 (3) - 700(6 cos30°) - 600 cos30°(6 cos30“ + 3cos30°) 
+ 600sin30°(3 sin30°) + S,(6cos30° + 6 cos30°) = 0 

B, = 927.4 lb 

800 sin30° - 600 sin30°- A, = 0 


A, = 100 lb î 

A y - 800 cos30° - 700 - 600cos30° + 927.4 = 0 
A y = 985.1 lb 

N c - 100cos30° + 985.1sin30° = 0 
N c = -406 lb Ans 

100 sin30° + 985.1cos30°- V c = 0 
Vc = 903 ib Ans 

-985.1(1.500830°) - 100(1.5 sin30°)+ M c = 0 
M c = 1355 Ib-ft = 1.35 kip-ft A ns 





ISfr 

looi6 

r 

3«.1U 


7-18. Determine the normal force, shear force, and 
moment acting at a section passing through point D. 


7(K)lh 



-800(3) - 700(6 cos30°) - 600 cos30°(6 cos30° + 3cos30°) 
+ 600sìn30°(3 sìn30°) + fi,(6cos30° + 6 cos30°) = 0 


-*ZF, = 0; 


+ T22; =0; 


+\ZF, = 0; 


B, = 927.4 lb 

800 sin30° - 600 sin30°- A, = 0 
A, = 100 lb 

■4,- 800 cos30° - 700 - 600cos30° + 927.4 = 0 
A, = 985.1 Ib 
N d + 927.4sin30° = 0 


Tcoi* 

<°ci* 



'+ZF, > 0; 


^ + 1M d = 0 ; 


N n = -464 lb 


Ans 


Vo — 600 + 927.4 cos30°= 0 


Yt> = -203 Ib 


Ans 


M d 600 ( 1 ) + 927.4(4 cos 30°) = 0 

M o = 2612 Ib-ft = 2.61 idp ft A 
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r ~ 8kîsí ’ Í+ZMa = 



*7-20. The cable will fail when subjected to a tension of 
2 kN. Determine the largest vertical load P the frame will 
support and calculate the internal normal force, shear 
force, and moment at a section passing through point C 
for this loading. 



Al/J = 0; 
+ TZF y = 0; 

-+*- F , = 0; 

+ ÎZ/J =0: 


l + TM C = 0; 


-7*0.6) + 8(2.25) = 0 


r T 


T = 30 kN 



- 


i 


i * 





A„ = 30 kN 

1—J 


—J 




Ay = 8 kN 
-N c - 30 = 0 


"c = "30 kN Ans 



W c = 0.400 kN -m 


Ans 
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• rJLtcrmine meinternal normal force, shear force, 
uid bcnding moment in the beam at poìnl B. 


|6 kip/ft 


Frte body Diagram : The suppon 


reactions aM need not be computed. 


Internal Farcet : Applymg the ajuaaons of equilibhum 
we havc 


to scgmcnt CB, 


^ = 0; % = o , 

* Ans 

+ TX/ ? =0; V s -28.8 = 0 V. = 28.8 kip Ans 

f+XM s = 0; - 28.8(4) -M, =0 

M, =-U5ldpft An , 




U-&o)0i)--Z8-B K : f 



î 3( t 


7-22. Determine the ratio of a/b for which the shear 
force will be zero at the midpoint C of the beam. 


Support Reactions : Frora FBD (a). 

Ç+ZM,=0-. 2 ( 2*+6)w[j<6-4]- Af(A ) K0 

A ’"Ìb {2 *+ b hh-a) 

Internal Forces : Thts problem requires V = 0 c 

vcmcaUy (FBD (b)J, we have C 5ummm 8 forces 



b/2 - ■+ b /2 - 


-t(Uib)yí x 
i(Zbro.) /T-)(b-OL) 


+ T»Î- 0; 1 




6b (2a+b)(,b-a) = l( 2 a +b) 

a 1 


fte+bog) 


'I 


I 

^f^C2a-/h)Cb-d.) 
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Í+£M a = 0; 

400 N/m 

200 N/m 


Aa; = o; 



‘■Tl* = 0 ; 


-+I 4 = 0 ; 
+ ÎX^ = 0 ; 


l+I« D = 0; 


-1200(3) - 600(4) + l^ f(6) . o 
f bc = 2600 N 


A ‘ ~ J5< 26 °0) = 2400 N 


A > 1200 - 600 + f(2600) = o 

2,401 

■4, = 800 N 

n d = 2400 N = 2.40 kN 
800 - 600 - 150 - V D = 0 
v d = 50 N 

-800(3) + 6000.5) + ,50(1) + M D = 0 
m d = 1350 N m = 1.35 kN m 


%300H . 


^ ^--4Ì-V:'7 

' ' t T === ^ ===a l'^ > 


h at c 7116 P- « C ,s fixed to member cT^ ** ” 


350 Ib-ft 


E £1 


^ 2 ft-f- 3 ft 4-2 ft-f—— 4 f,-ft- 


(,+l4/ a = 0; 


- 120(2) - 500 sin60°(3) + q (S) = ° 
= 307.8 lb 


sisbs&sJ,, 


L T r/v = 0; 


-+£/ï = 0; 


1 TIF = 0 . 


-+ÍÇ = 0; 
+ T»5 = 0; 


B x = 250 Ib 

By - 120 - 500 si n6 Q0 + 3 07 g_ Q 
B, = 245.2 Ib 
~ n e - 250 = 0 
= -250 Ib 

A 

V E = 245 Ib 


ffl t \k 

> J E+-f-[ C = 


“«• .ÍC 


3f( Jfl ■ 


2» I 


1+134 _° ; -34 - 245.2(2) = ° 


= -490 lb-ft 


-307.8- = o 

^ = -308 Ib 


I « 


(+134 = 0; 307.8(4)4 34 = ° 


= ~ 1231 ib ft = -1.23 Idp.ft 


405 


r~»~ 
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7-30. Determine the normal force, shear force, and mo- 
ment acting at sections passing through points B and C 
on the curved rod. 

/+ £f . =0: 400sin3lï Q — 300cos30 ; -t- N s =0 

'Vfl = 59.8 Ib \ ns 

+ \ E = 0; V„ + 4(X) cos 30' + 300 sin 3(f = 0 

V'n — -4% Ib Ans 

^ +HM a = 0; M b + 400(2 sin 30°) 

+ 300(2 - 2cos30°) = 0 
M„ = -480 lb.ft Ans 

Also, 

^ + £Aí ( , = 0; - 50.81(2) + 300(2) + M B = 0 

Mfj = -480 lb-ft Ans 

-Ìrf, =0; A , = 400 lb 
+ tïf, =0; .4, =300 10 
f + ZM A =<>: M a - 300(4) = 0 
M a = 1200 Ib II 

+ \ZF,= 0; N+ + 400 sin 45° + 300 cos 45° = 0 

,V ( = -495 Ib Ans 


7-31. The cantilevered rack is used to support each end 
of a stnooth pipe that has a total vveight of 300 Ib. Deter- 
mine the nonnal force, shear force, and moment that act 
in the arm at its fixed support A along a vertieal section. 


Pipe: 

+ f Z f, = 0; /V„ cos 30 ’ - 150 = 0 
N b = 173.205 Ib 

Rack: 

-ÌXf, =0; - N a + 173.205sin30’ =0 

N — 86.6 Ib Ans 

+ f ’ZFy =0; V,\ ~ ì 73.205 cos 3() : ' = () 

Ki — 150 ib Ans 

J\+TM Á = 0; M a - I73.205Í 10.3923) = 0 

M,\ = 1800 Ib ln. Ans 



U. 


\2ft 


\ 4(K) ib 
300 Ib 


300 Ib 


4(K) Ib 


2 f / 

0 fA im 


m ih ^ 


300 Ib 


N c M, 

V 


2 ft 


-4<X) Ib 


I,2tX) lb.ft 

300 Ib 


/ +T.F y = 0; v t - 400cos45° + 300sin45 ' = 0 

Vc = 70.7 Ib Ans 

^ + ZM C = 0; - M c - 1200 - 400(2 »in45") 

+ 300(2 — 2 cos 45") = 0 
Mc = —1590 Ib-ft = -1.59 kip-tt Ans 

Also, 

J\+r.M 0 = 0; 495.0(2) + 300(2) + Mç = 0 

Mr; = -1590 lb fl = -1.59 kip ft Ans 



150 Ib 



í,in j30° ' 3 i». 

1 ^ 9/cos.30° = 10.3923 in. 
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and heí' Srm ' ne ' he mterna ' n0rma ' f0rce ' shear force, 
and bending moment m the beam at points D and E. Point 

£ is just to the right of the 4-kip load. Assume A is a roller 

support, the sphce at B is a pin, and C is a fixed support 


Suppon Rtactiont : Suppon rtactionj u C n«d not be computed for 
this casc. From FBD (a). 

(+LW,=0; 6.00(6) -A, (12) = 0 A^.OOtN 

+ T££,=0; B, +3.00 - 6.00 = 0 B, =3.00kN 
-* = 0 B, = 0 

■' Applymg the alua00ns of «jutlrbrium ® seg m<mt AD 
ihiíD (o) j, we have 

^^=0; (V o = 0 Ans 

+ ÎX/)=0; 3.00 - 3.00-V o , 0 P o = 0 A « 

C+ïrí 0 = 0; M d - 3.00(3) = 0 Af o = 9.00kNm Ans 

Applymg the equanons of equilibrium lo jegment BE (FBD (c)] , we have 

^=° ; *,=o Ani 

+ T ^"°; - 3.00-4— = 0 Vi = -7.00kN An. 

C+I*í E = 0; Aí £ + 3.00(4)=0 Af £ = -12.0 kN ■ m Ans 


0.5 kíp/ft 


ïïtt; 


i 

ïï.. f V- •. • HJJ 

u ìB 

i 

o 

1 

- — 6 ft — r_ 4 


OÍÓ2ò-6rOCjf> 


I éft + é/í •] 

A j (ct) Bf 

O 5(í)-Ì 0 kip 

r~f~ii m» 


(b) 


p iTW\v D 

Ay-3 o iiip 

Bỳi otíp 4Mf> 


<■<> 
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7-34. Determine the internal normal force, shear force, 
and bending moment at points E and F of the frame. 



Suppon Rtacíioni : Memben HD and HG are two foroc mcmbexs 
Using mcthod of jomt [FBD (»)], wc h«ve 

->LF t =0 F hc còs 26.57° - F HD cos 26.57° = 0 

Ehd ~ F hg = F 
+ t XF f = 0; 2ftin 26.57° - 800 = 0 

f hd “ f hg = F = 894.43 N 

From FBD (b), 

Ç+ÎM Á =0; C„ (2cos 26.57°) + Ç (2sin 26.57°) -894.43(1) = 0 [1] 
From FBD (c), 

Ç-£-K,= 0 ; 894.43(1) —C,(2cos26.57°) + Ç,(2sin26.57°)=0 [ 2 ] 

Solving Eqs.[2| and [2] yiclds, 

Ç. = 0 C, = 500 N 

Inttrnal Farccs : Applying thc equaûons of cquilibriura to segraem DE 
[FBD (d)] , wc have 


+ ZF X . = 0; V E = 0 

+ 2^ =0; 894.43= 0 N e = 894 N 

Ç+ 1M e = 0; U E = 0 


Ans 

Ans 

Ans 


Applytng thc equanons of equilibrium to scgment CFJFBD (e)] , we havc 

+/ZF„.=0-, Vf + 500cos 26. 57° -894.43 = 0 

V E = 447 N AnJ 

\ + lF F =0; N F - 50Csin 26.57° = 0 Af, = 224 N Ans 

Ç+IMp = Q; Mp + 894.43(0.5) -500cos 26.Î7°(1.5) = 0 

M F = 224 N • m Ans 




ecfizí.f/ 
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7-35. Determine the distance a as a fraction of the 
beam’s length L for loeating the roller support so that 
the momem in the beani at B is zero. 


p P 



^ + ZM. , = 0; - P ( y - u ) + C y (L - (i) + Pa- 0 

c = zfl 

L — a 

, 2P('i-a) / L\ 

-Í +EM = °; " = .Hî )’ 0 

2 PL(| 

L 

a ~ -- Ans 


P 


P 
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7-41. Determine the x, y, z components of force and 
moment at point C in the pipe assembly. Neglect the vveight 
of the pipe. 7áke F, = (350i-400j) Ib and F 2 =» 
(-300j+ 150k) Ib. 




416 
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wr,e™’„nL“ d m ™' n ' d »*™' «* «* 
600 ,b.V- 5 ÍT- 1 ,Î Pa,,me " 1 ' '"»»»: 04 , - 


+ ÏZF, = 0; -LL - V » o 
a + b 


V * —-r Ans 

a ♦6 


{'♦IV- 0 ; M-J± x 


a + b 


M : 


a + b 


x Ans 


♦ÎI/V « 0; -LL _ p _ 
a + b 


V =* - 


/»a 


V= 0 


Ans 


Ç+ZM »0; _ _£* x + p ( 


M ” Pa ~ ~- h x Ana 
a + b 


(»» For/» » «SOOlb. a . J ft. b , 7 ft 






M 





m (ii4*) 


•"' w nço 


-iso 


<(f+) 




- b- 


câSlevereTbeam 51163 ' ^ m ° men ' d ' agrams for 


..-ft 

>00 


.'«oo lb.ft 


wIC-T—-V 


For 0 S x < 5 ft: 

+ T£/ >- 0 ; lOO-V'.O; V » 100 An> 

Ç+ZM »0; V- I0Q* + 1S00 » 0; V » 100x - ISOO An. 
For 5<xS 10ft: 

+ ÎIF, »0; ÌOO-V-O; V » 100 Au 

(♦IV - 0: M- 10Qx+ 1000 » O. V » 100x - 1000 Au 



xny 


vzzzmzm 


jpglg 223 ^' 
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/-44. The suspender bar supports the 600-lb engine. 
Oraw the shear and moment diagrams for the bar. 


For Oíx< l.S ft: 

+ î1F, » 0: - 300 - V « o 

V = - 300 An 
Ç+ZM = 0; M + 300 x» 0 




M m - 300 x Am 

v<u) 


For 1.5 ft < xS 3 ft: 

3oo 

m 

+ î î’Fy = ( 

): 600 - 300 - ViO 

V « 300 Ans 



bUlb^ 

->00 

= 0: 

M + 300x - 600(x - 1.5)« 0 

KÊ v - ivtn a 

m/j/m 

-4ço 


M » 300x -900 Ant 
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7-47. The shaft is supported by a thrast bearing at A and 
a journal bearing at B. lf L — 10 ft the shaft will fail when 
the maximum moment is M max = 5 kip ft. Detennine the 
largest uniform distributed load w the shaft will support. 


vv 



II» 

V = —(L — 2x) 


^ + EAÍ=0; -~x + wx(^~) + M = 0 
wL v;x 2 

M — — (tr -x 2 ) 

From the moment Uiagram 
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7-50. Dravv the shear and moment diagrams for the beatn. 


Support Rtactions : From FBD (a), 

(-7^=0; c;a,-^] = 0 c>= ^ 

fT ^=0; A, + t±-^ s0 A ^ 

8 2 > 8 

She.tr and Momenl Function, : For 0 S * < ~ (FBD (b)] 


+ Tl^=0; ~-V = 0 V-~ 

8 8 

Ç +E "=0; M-~( X) =0 Mu'lts 
8 8 

_ í 

For-<jr si (FBD (c)), 


+ ÎZF ’ =0: v+~-»u- x)=0 

V-jVL-ix) 

3wL ,, . 

"= j(-/. J + 5Dr-4^) 


[ + ZM = 0; 
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150 Ib/ft 




I50O4-Z) 
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7-55. Dravv the shear and moment diagrams for the 
compound heam.The beam is pin-connected at E and F. 



Suppon Rtactio hi : From FBD (b). 

Ç-u,,.* íg)-^)., 

+ T ^=0; ^ + ^.^ =0 r m *L 

6 3 6 

From FBD (a), 

From FBD (c), 

míSH»*- 

+ T^=0; B,*l^±-tr±. wL _ n _ )0».Z. 

' 18 3 T~° a /=~ 

Shear and Moment Functions : For 0 Sx < £[FBD (d)], 

+ ÎIF,= 0 ; Z£-* x _„ = 0 

V ' = ÏÏ (7i ~ 18í) A 

( +XM = 0; Jf +wx g)_^„ 0 


"I 4 TXT 7 T 

3 3 3 


i_ i í 
3 i~ 


*>¥» 




r j i t 




vff'j^-x) 


| A i 
. 7 V 4 

A r ~ 


)tA (tl) 


M=—(7U-9x 2 ) 


For 4Si<2£[FBD(e)J, 


Ans èjû£t. ~ y T 
rC / r 


V.j< 3 i.-W 



fe ^ 


7 VL 7 UL L 

-Vir 


( + ZM m 0; « +wx fí')_Zïí x _iOwi 

I 27 18 9 ( X ~L) - 0 

W=^( 27 ir- 2 0 £*- 9x *) Ani 2 S 

•0 


For 2£<xS3L[FBD(f)], 


+ Î£F, =0; V+ ïïj:-w ( 3i- X) = 0 

T=^( 47 £- 18 x) 


W=^( 47 ix- 9 x 2 - 60 £ 2 ) Ans 


'» L \ f 


\ ->h. N 

-W T 

'6 


Wl 2 - 


•î L r/f\7 ï u 


- V£* - 'W' 4 + 

9 9 
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*7-56. Draw the shear and 
beam. 


moment 


diagrams for the 




6 m 


Support Rtactioms : From FBD (a). 

Ç+IM,= 0; 9.00(2)-A, (6) =0 A y = 3.00 kN 

Shear and Momtnl Functions : For 0 £ x £ 6 m (FBD (b)J. 


+ ÎIF=0; 3.00- —-F = 0 
’ 4 


'= 3.00-^j 


lcN 


Thc maximum moment occurs when V = 0, thcn 

0 = 3.00-— x = 3.464 ra 
4 


r +IM = 0; M+ 


. 00 * = 0 




kN • m 


Ans 


Ans 



M.„ =3.00(3.464) 


3.464’ 


• = 6.93 kN m 


Thus, 


V(KH) 
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7-59. Draw the shear and moment diagrams for the beam. 



Suppon Reactioni : From FBD (»), 

Ç+IA/ a =0; M a -48.0( 12) = 0 M A = 576 kip ft 
+ Tl/ỳ =0; A f -48.0 = 0 A f = 48.0 kip 

Shear and Moment Functions : For 0 S x < 12 ft (FBD (b)], 

x 2 

+ ÎZF y =0; 48.0-V = 0 

6 

V = |48.0-^|kip / 

= 0; M+ J0)+ 576-48.0tr = 0 


Af = |48.ûr - — - 576 > kip ■ fl 


For 12 tt<xS24 ft(FBD(c)J, 


+ T Ifŷ = 0; V-i^(24-jt)j(24-k)-0 

V = ji(24-x) J Jkip Ans 

Ç+ZM = 0 ; -IJI(24-x)j(24-x)J^ij-W = 0 

M = {-— (24-x)’J kip ft Ans 





] uft r uft 

(4.) 

TÍfXx)-- £ 

I rr* 


3 % 

' ■ ! V 


Ctc 

A!t*5/í h 


(<) M Ç' 


j[jU4->Oj(Z4-£) 



Mdpft) 
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beam. She3r and mome nt diagrams f or the 



Suppan R.actions ■ 


(+£*„ =0; 
+ ÎZÇ =0; 


»,(8) -4(7.25) -4(6.25) -2(4.25) 

b ,: 1 ss , - 2(i25) - 2( *-«)-o 

+9.50-2-2-2-2-4-4*0 

=6.50kN 


Z M ZKJÌ Zbi 4M 4&J 

OiLLLL 

mTTXttiï 

j/2íni(im | rn |,rn | jim'l ^ -í 

V 6 *’*' ^50 


V(M 



Aftol-tn) 



X 
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7-67. Draw the shear and moment diagrams for the 
beam ABCDE. All pulleys have a radius of 1 ft. Neglect 
the weight of the beam and pulley arrangement.The load 
weighs 500 Ib. 


Support Rtactiont : From FBD (»). 

(+IAÍ a = 0; (15) - 500(7) -500(3) = 0 E, = 333.33 lb 

+ Î1F, =0; A, + 333.33 - 500 = 0 A, = 166.67 lb 

Shear and Momtnt Diagrami : Tbe load on ihe pulley at D can be 
replaced by equivilent force and couple moment at D as shown on FBD (b). 





XCJO 


M Ob-ft) 
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moment diagrams for the 


•7^58. Draw the shear and 
beam. 


7kN 



7-69. 

beam. 


Draw the shear 


and moment diagrams for the 


Suppon Rtactiom : 


Ç+ZM, x 0; 
+ ÎZ^ »0; 


fc (j 3 ) 4) -300(2) - î00(1) , 0 

^ +6 23(jj-500- 500 x 0 ^ 


F c = 625 N 
= 625 N 






7-70. Draw the shear and moment diagrams for the 
beam. 



7-71. Draw the shear and moment diagrams for the 
beam. 


5 upporí Raactiom : 

f+Z M a =0; B, (8) -320(4)-20(11) -150 = 0 

B, = 206.25 kN 

+ =0; A y +206.25-320-20 = 0 A, = 133.75 lcN 



A-.--ÏÒÌ 7S F/J &*’ T Z0i>-25K'ì 


20 kN 
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♦7-72. Draw the shear and moment diagrams for the 
shaft. The support at A is a joumal bearing and at B it is 
a thrust bearing. 



4í»h imuií j 


!4Si H 5So* 




J1U 

^\3tOS 


/ ' /J - h>rawthe shearand 


Support Reactions : 


moment diagrams for the beam. 


C+LW,= 0; B, (10) -10.0(2.5)- 10(8) =0 B y = 10.5 kN 
+ ÎEÇ=0; ^ + 10.5-10.0-10 = 0 A,=9.50kN 





2(5)*/Û0& / 0 kfJ 


ÎTmJ £ 


Ay-ŷsoivi 


By*IO-5 



tA(m-m) 
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bèam DraW ' he Shear and moment diagrams for the 


Support Rtactiuns : 


(+ZM Á =0-, 
+ T 1F, =0; 


0,(3)-8(1)-8(2)- 15.0(3.5)-20 = 0 

O, = 32.167 kN 
32.167-8-8- 15.0-/1, =0 
A, = 1.167 lcN 


8kN 8 kN 



, 20 kN • m ^ 

L i 

15 kN/m 

A 


rrrT 

j.u.hi 



* — I m — - 


f c 

*0.75 m- 

D — ^ 

- — I m — - 

* — I m — 


0.25 m 


'/(&) 
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7 ; 8 i-™ e b * am consists of tvvo segments pin-connected 
at Draw the shear and moment diagrams for the beam. 



Support Riactions : From FBD (a), ^ 

+ ^ t6 >-0 «»(2) =0 Cy » 0.200 kip 

+ t^=o ; 0.200 - 0.600 = 0 B y = 0.400 lup 

From FBD (b), 

( +Uí * m °’ -0.700(1)-0,400(12) =0 

K = 10.4 kip ft 

+ TZF ’ m0 ’ \ “0-700 - 0.400 ■ 0 Ay ■ l.IOIdp 

Shtar and Momtnt Diatrami ■ Ti.- ~.i. . 

segmem BC can be evtluated usúig p, e mMhr J T ° f,he moment for 

momem occurs when V » 0. From FBD (c) ° mixin,um 

+ T ^ =0: °- 200 - 5 S> = o - 2 /òf, 

Ç*iM=o-. v . 0 

W=0.200t-i!- 
Tbus. 180 


Z'i'ZZP-p) ~~ éûojtp r Qvi-a’p 


pP^fTrj 

^QAotip CfO-w P 0-701; ? g ^ 
Aý.-1-iO Kip I I 

á =k * -4 

*K'Ì0A (b; 





czotif 


/MC^.fo 
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7-82. Draw the shear and moment diagrams for the beam. 

Support Rtactions : From FBD (»), 

Ç+Uí A =0; q (6)-3.00(1)-3.00(5) =0 C,»3.00kN 

+ ÎDŷ=0; A, + 3.00 - 3.00 - 3.00 = 0 A f =3.00kN 




7-83. Draw the shear and moment diagrams for the 
beam. 


Support Roaetions ; 

C+I*(,=0; b,(L) 


'x :" 


— L - 


7w 0 f. , 

+ TIF,=0; A, + —- w„L —-•<> 





T J 


~ 1 k ±T i. 

^ ^ 3 T L 
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7-86. Dravv the shear and moment diagrams for the beam. 


15 kip • ft 



15 kip ft 


- 6 ft •—H 


Support Rtactions : From FBD (a), 

(+ZM Á =0-, B y (10) + 15.0(2) +15 

-50.0(5) -13.0(12) — 15 = 0 
B y = 40.0 kip 

+ ÎIÇ =0; A,+40.0-15.0 - 50.0- 15.0 = 0 
Ay »40.0kip 

5 hear and Moment Diagrams : Thc vaiue of thc moment aI supports 
A and B can bc cvaluatcd using the method of secàons (FBD (c) ]. 

+ 0; M ♦ 15.0(2)+ 15 » 0 M « -45.0 Idp • ft 


±i5HÍ)=!5-o^ 56»)*»o*f %*}(U:ISAKj> 






i4/rz/t|' & 7 % p.+ r 4/t 

A-.-44 0 bŷAO-OXìf 

a '/ÏOVf 

rr 

-i W/ 



flívpH) 
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7- . Determine the tension in each segment of the 

d thp rnhlp’e _+t_ 


. ivuoioii III 

cable and the cable’s total length. 


•/ ^uìltbríum : Appiying mahod of joinu, « hâ W 

Joint B 


~>ZF, = 

0; fjceosS-fiaj 

/ \ 

Uj = 0 

m 

+ Î£/ỳ = 

°’ £ ** /gjl fic sm 8-S0 = 0 

[2] 

Joint C 

=C 

); ftocos # - /i c cos e = 0 

13] 

+ t£/r = 

0; /i c sin 0+/r. D sin p- 100 = 0 

[4] 

Geomttrj ; 

sin 0 = 

;—rr 

cos 8= — 


sin 0 = 

y y 2 + 25 

3 + y 

V> 2 + 25 

COS 0 — — ' 


V/ 2 + 6y+ 18 

Vy 2 + 6y+18 



Substitmc tf,e »bove results into Eqs. [1], [2J. [3] and [4] solve We 
have 

F, c = 467 lb F, a = 83.0 Ib f CD = 88.1 Ib Aiu 
y = 2.679 ft 

The total lengtb of tbe cable is 

'=7'7 j + 4î + v 'J2 + 2.6792 + Jŷ + (2.679 + 3) 2 
* 20.2 ft 

Ans 
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^Ì2^h C rta2 d °e tS 0f th ; ,oa * shown. 

» = 8 Also find the "ag y f ' ' f ** = 300 ,b 



I- ft " 20 ft 


15 f, -12 ft 


= 0: {k T,c ■ ik Ti ‘ = 0 

. f yp _ n -6 8 T,e ' 

^ ' c+ yiS r "- 300 = 0 

T» = 983.3 lb 


PTT*V 

Jooll 


r, c = 854.2 Ib 


OoT ïTbj» 


-*3>; = 0; 


7= (854.2) + T 

«436 V( )4 ->'o) ! + 225 


+ ÎE/> = 0; 


= (854.2) + -=-■ 114 r cc - />, = 0 (2) 

6 V0 4 ->o) J + 225 1 


->ZF X = 0; 


12 _15 

/( 4 + >o) ! + 144 DE V( 14 ->o) ! + 225^° " ° 


+ TIT = 0; - 4 + >° > 4 — >0 „ 

V< 4 + >o) ! + I 44 ° £ /(H-J’o) 2 + 225 C ° 300 " 0 


_ 3600^ 22 5 + (14 -y n )2 
CD 27)»„ - 108 


Substìtute into Eq. (1) : 


~ * T " r 

T,+-ir= j n, 

3001+ 


= 6.44 ft Ans 


T cd = 916.1 Ib 


/ì = 658 Ib 


Ans 
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7-93. The cable supports the loading shown. Determine 
the distance x B the force at point B acts from A Set 
P = 40 lb. 



F 4 

-3ft- 


7-94. The cable supports the loading shown. Determine 
the magnitude of the horizonta! force P so that x B = 6 ft. 



p -Ì Ta ’~7ti t ’ c = 0 

+ T ^=°; j=T A , - ±,T lc = 0 

' p j k T ‘<=° ^ 

AtC 

4^=0; f ( 3o, + ^r íc -^r co =o 

+ T ^=°; ^r sc --^r CD --^0)=0 

18 

-J=T bc = 102 (2) 

y73 

Solving Eqs. (1) & (2) 






7-95. Determine the forces P, and P 2 needeti to hold the 
cable in the position shown, i.e., so segment CD remains 
horizontal. AIso, find the maximum teasion in the cable. 



-4 m —-5 m - 


Method of Joints: 

Joint B 

f -(o)- F -<(^)->-» 

Solving Eqs. (!) and (2j yields 

Fuc = 10.3! kN F ab = J2.5 kN 

Joînt C 


-*^F X =0; Fcd — J0, 


“(á)- 


0 F ct> = 10.0 kN 


+ t EFy — 0; 

10.31 

( tîi )-''= 0 

Joint D 



= 0; 

Fde ( 

/2T25)- 10 = ° 

+ t XFy = 0; 

Fde ( 

7205 ) - 2.5 = 0 


Solving Eí|s. (1J and [2] yiclds 
Ì J 2 = 6.25 kN Ans 
F ní; = 11.79 kN 

Thus, thc maximum tcnsion in thc cablc is 
Ft = 7", fí = 12.5 kN Ans 



F sc = 10.31 kN 




'Jyfŷ* tó 


1 s Fl 

,= 10.0 kN 

y&y'D 
/ 4 

D 
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*7-%. The cable supports the three loads shown 
IJetermine the sags y„ and y D of points B and D and the 
tension m each segment of the cable. 


Equationt of Equilibrium : From FBD (a), 

f + ^ = * +4 

L/3^TCr» +4 


From FBD (b). 


+ 200( 12) + 500(27) + 300(47) = 0 



30000 (1] 


Ç+ZM c =*0; 

W>ì + 144j 


[y\ +144 


(14-v,) 


+ 300(20) =0 

'■(jsSsHM— » 

Solving Eqs.(lj and [2] yields 

>, = 8.792 ft = 8.79 ft F Á , = 787.47 Ib = 787 Ib An, 

Method of Joints : 


-* 1F ‘ =°: F tc ‘os 14 60°-787.47cos 36.23° = 0 

f,c = 656.40 lb = 656 Ib Ana 

+ tlF y =0; 787.47sin 36.23» 

-656.40sin 14.60»-300 = 0 (Checlts!) 


- 12 f! -4.-20 ft 




15 ft — j^\2 f t 


*^=0; F cl 


+ T ^=°; fJ 14 -y° ) 

Im-28 v 0 + 421 J 

+ 656.40sín 14.60» — 500 = 0 [ 4 ] 

Solving Hqs.(l) and (2j yidds 

y D = 6.099 ft= 6.10 ft F cd = 717.95 lb = 718 Ib Ans 


poo Ib 

r5oe/b 

1 

/i 

r 

T !5ft 






'S-K 


P—~J-656.40cos 14.60» = 0 (3) 



Ftq'76141 II 




fíc lí Jv,‘-^jr,++2/ 




+• 

-*ZF X =0; F 0f cos 40.08°-717.95cos 27.78° = 0 

/ï,£ = 830.24 lb = 830 Ib An. 

+ T ZF X = 0; 830.24sin 40.08° 

- 717.95sin 27.78° - 200 = 0 ( Chtckt!) 


L4OO0' 


p 

Fc D *7ni5ii 

’ + 

zooií 
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7-97. Determine the maximum uniform loading w, 
measured in Ib/ft, that the cable can support if it is capable 
of sustaining a maximum tension of 3000 Ib before it will 
break. 


ỲJ{l»dx)dx 


d\ 

At x = 0. — = 0 

dx 


At x = 0, y = 0 

C, = C 2 = 0 

* 2 
y = — 1 
2F„ 

At«t=25ft, y = 6ft 


ì>rfUrf -.T l> 

t. i . U -Li I.U j 
"-3Ô5- 14 



F„ = 52.08 w 


±\ = 

dxìrnmi Fff lx« 23 1 

= un _ '(0.48) = 25.64° 

= — H — = 3000 

COS6.MJ 

F h = 2705 lb 

h» * 51.9 Ib/ft Ans 


cable i* subjected to a uniform loading of w = 
250 Ib/ft. Determine the maximum and minimum tension 
in the cable. 



From Example 7-14; 

- >»o L* 250 (50) 3 

"17-T77T- = 13021 16 


8 A 

8mm = Un' 1 
Fh 


ì(6) 




T m 


13 021 


COJ 8.« ctu 25.64° “ 14 - 4ki P 
Thc nummura tcnsion occurs ai Q = 0 °. 

* F h * 13.0 Idp Ans 
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+Tie xîâblc jtíd ïs aûujécted to a uniform loading of 
200 N/m. If the weight of the cable is neglected and the 
slope angles at points A and B are 30° and 60° 
respectively, determine the curve that defínes the cablè 
shape and the maximum tension developed in the cable. 



= T-Jt/îOOúlr)^ 


y = ^o 00 * 2 + c,* + c 2 ) 

dy 1 

£ = -(200r+C,) 

At* = 0, > = 0; C 2 = 0 

Mx = 0, 2 = Un30'; c, = F„un30“ 


y “ — ( 10 °j ! + F„ tan30°r) 


At* = 15 m, 2 , tan60°; F„ = 2J9S N 

y = (38.5x 2 + 577x)( 10 -3 ) m Anj 

= 60° 


TTTTHTJ; 


T = H _ 


costìO° 


£«, = 5.20 kN 
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♦7-100. The cable supports a 
Determine the tension m the 


girder which weighs 850 Ib/ft. 
cable at points A, B, and C. 



y = j-f(j" a dx)dx 
f k 

1 , 

y = — (425x 2 + C,x + C,) 

ày 850 C, 

— = ~-—x + — 

* /5, 

A.x=0, ^=0 C, =0 
AlOí =0, y = o C, = 0 


J 



/ 11 4 I ± 

-^=s 




At y = 20 ft , jr = j' 


20 = «£í£2! 


At > = 40 ft, í=(100-j') 

^ = 425(100-x-)t 
f h 

2U0 2 = (xO 1 - 20Qi' + 100 2 

OtO ! + 20Qr- - 100 ! = 0 

-200 +J'2Q0 1 + 4(100P 
x = - 1 — - = 41.42 ft 

F m = 36 459 Ib 

AtA, 


ix - t*” 8 ' 1 - ~F— = 1.366 

r „ -- -Jl.íl it 


»x = 53.79“ 

T _ 36 459 


«»8x oos 53.79“ 

í = 61.7 Idp Ai 


= 61 714 Ib 


Atfl, 

Fê - F H = 36.5 kip 
AtC, 


Ans 


1-^,» 


^ 41.42(1 


= 0.9657 


e c - 44.0° 

71 - _ *H _ 36 45 9 

cose c ~ cos44.0° = 50 683 Ib 


T c = 50.7 Idp 


Ans 
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7-lOL The cable is subjected to the triangular loading. If 
the slope of the cable at point O is zero, determine the 
equation of the curve y = f(x) which defines the cable 
shape OB, and the maximum tension developed in the cable. 



y = ỳí(\"(x)dx)dx 


1 f,f500 
7 J(l~xdx)dx 


«f lYrfUrf - 

" Tt ■ 77- H 


15» 15» 


1 f 50 2 

= 7 Kj* + C,)dx 


50 


~ F h ^~ 9 X + C ' x + c 0 


dy 50 2 c. 

T = Tnr* + — 

d* 3 F„ F„ 


Al jc =0, 


' r H 

dy 


dx- 0 e. = o 

Mx =0. >■ - 0 C 2 = 0 

50 , 


y = 


9/ï, 


Atx=lSlt, y = 8 íl = 2344 Ib 


> - 2.37(I0‘ s )x J 


Ans 


tI = uu.e - 50 2I 

3(2344)L. u ( 

= tan"'(1.6) = 57.99° 

T _ f h 2344 


co»ô 


4.42 kip 


cos 57.99° 

Ans 


4422 Ib 
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Jr Cabk is sub jected to the parabolic loading 
* 150 ( X (^/50) 2 ) lb/ft, where X is in ft. Determine 
the equation y = /(*) which defines the cable shape AB 
and the maximum tension in the cable 



y = W\x)dx)dx 


y = — J[150(x-— 

3(50)- 


)+ C,)A 


y = 7 u a5x ~^ò + c ' x + c ^ 


dy 150* 


At * = 0, 


ày 

áx 


50K, X + /ì, 


= 0 C, = 0 


iMÌÌÌ4-.-5.-«% 


locfr 
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M°3. The cable will break when the maximum tension 
reachs 7 mas - 10kN. Determine the sag h if it supports 
the uniform distributed load of w = 600 N/m. 



Tht Equation of Tht Cablt : 




dy 1 


Boundary Conditions 


y = 0 at x = 0, thcn from Eq.[l] 0 =* — (C 2 ) C 2 *0 

f h 

dy 1 

- 7 - * 0 at x = 0, tfien frora Eq.[2] 0 = —(C,) C, =» 0 

" F H 


w 0 2 
^ 2F h X 

T’> 

dx F h 


y = h atx=I2jm. then from Eq.(3] A = ^12. ( J2.5 1 ) 

ÌFh h 

0 = * 12-5 m and the maxiimon teiuion occura when B = B ma . Frora Eq.[4J 


... =X = —x = O.OI28A( 12.5) » 0.160h 

x>!2.5« T w 0 


/0.0256*2 +1 


The nuximum tension in the cable is 


h » 7.09 m 
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*7-104. Determine the maximum tension developed j n 
the cable if it is subjected to a uniform load of 600 N/,n. 



-I00m — 


The Equation of The Cable : 


y ~ — J(íw Mdx)dx 


dy 1 

= - S (i».* + C 1 ) 


Boundary Conditions 


y = 0 at x = 0, then from Eq.fl] o=—(C 2 ) C =0 

dy F " ^ 

-^tanlO^atx^O.thenfromEq.tf] un 10 ° * 1(C,) C.-JJmIO* 


y = 20 m aix = 100 m, then from Eq.(3J 
600 

2O= 2Z( I0 ° 2 ) + “ n ,0 °(‘°0) T„ = I 267 265.47 N 


dy w 0 

S = -* + unlO° 


1 267 26S.47 llr 
= 0.4735( I0~ 3 ) x + lan 10° 

8 ~ e —‘ Ux ~ 100 ra and the tnaximum tenaion oecurs when 6 = 6 m „ 


= — 


^u-tooia =0,4 735( í 0 ” 5 ) (100) + tan 10° 


0„„ = 12.61° 


The maximum tension in the cable is 


T _ F „ 1267 265.47 

" ^r = 'STÌÏ6F = 1 298 519X10 N=1-30MN Ans 
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■ 7-105. A cable has a weight of 5 lb/ft. If it can span 300 
ftand has a sag of 15 ft, determine the Iength of the cable 
The ends of the cable are supported at the same elevation 


7-106. Show that the deflection curve of the cable 
discussed tn Example 7-15 reduces to Eq. (4) in Example 
7-14 when the hyperbolic cosine function is expanded in 
terms of a series and only the first two terms are retained. 
( e answer indicates that the catenary may be replaced 
by a parabola in the analysis of problems in which the sag 
is small. In this case, the cable weight is assumed to be 
uniformly distributed along the horizontal.) 


W 0 = 5 lb/ft 


From Example 7- 15 , 


y " — I cosh(-îjr) - 1) 
w o r u 


Atx = 150 ft, y = 15 ft 

f ISOh'. ) 

F « { Fh ) 


F„ = 3762 lb 


f h w 0 
s = — sinh(—^x) 


s = 151.0 ft 


L = Is = 302 ft 


cosh X m 1 + _ + 

2 ! ~ 


Subsutuhng into 


îhfe')- 1 ] 


Usrng Eq.(3) in Eximple 7-14, 


We get y . QQ) 
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7-107. A uniform cord is suspended between two points 
having the same elevation. Determine the sag-to-span 
ratio so that the maximum tension in the cord equals the 
cord's total weight. 


Froni Exunpte 7- 13. 



At x * 


i 

2' 




— - anh '(OJ) « 0.3493 
2F t 


when x « — 
2 


y - * 








1 

CMh (ÎÍÉ) 




F H 

coj 8 . 


w„(2s) 


F h cosh 




» Fh coth 

\1Fh) 





h. f JL 


v't- “*>>(#) 


0.1347 L 
2M 


« 0.3493 


£ ■ 0.141 Ane 


0.1347 


■*7-108. A cable has a weight of 2 Ib/ft. If it can span 
100 ft and has a sag of 12 ft, determine the length of the 
cable.The ends of the cable are supported from the same 
elevation. 


From Eq. (3) of Example 7 -13 ; 



F m = 212.2 lb 


From Eq. (3) of Example 7 -13 : 


1 = 



1 

2 



/ = 104 ft Ane 
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7-109. The transmission cable having a weight of 20 lb/ft 
is strung across the nver as shown. Determine the 
required force that must be applied to the cable at its 
points of attachment to the towers at B and C. 



w = 20 lb/ft 
From Examplc 7-15, 

y = ^-(coshí^jr) - 1 ) 

VVq t H 

A iB: 


10 = ^[cosh(^(50)) - 1 ] 

SoJving, 

F„ = 2532 lb 



sinh(- 


20(50) 

2532 


) = 0.40529 


8 = un''(0.40529) = 22.06“ 

, 2532 

max)í côs22.06° = 2732 ,b = 2 73 

AtC: 


Ans 


dy 

dx 


sinh (—)x = sinh( 


20(75) 

2532 


) = 0.6277 


8 = Un”'(0.6277) = 32.12’ 

= 2532/cos32.12’ = 2989 ib = 2.99 Hp Ans 
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7-110. The cable weighs 6 Ib/ft and is 150 ft in length. 
Determine the sag h so that the cable spans 100 ft. Find 
the minimum tension ìn the cable. 

Dâfliction Curvt of Th» Cable : 


[l + (l/*)tí».*> , ] i 


where w 0 = 6 Ib/ft 


Perfoiming the integration yields 


From Eq. 7 - 14 


= ^f SÌnh Í^ (&I + C,) ] +Cï } 

dy 1 r 1 

“* Fh 


Boundary Conditions : 


j^ = 0atí = 0. FromEq.[2) 0=— (0+C,) C, =0 


Then, Eq.[2) becomes 


dy .6» 

— = tan B = — 
dx F u 


í = 0atjc = 0 and uae the result C, =0. From Eq.fl) 


■^{smh-JlíO + oj + C,} C 2 =0 


Reamnging Eq.[l), wehave 


Substituting Eq.[4J into [3] yields 




dy . f 6 
T ~ ,,nh TT-r 

* \ f h J 


Performing the integrmtion 


y = 0atjr«0 . From Eq.[J] 0= ^cosh 0+C,, thus, C, m-5i 
— _ & 3 * 


Thea, Eq. [5] becomes 


'«Hf)- 1 ] 


s = 75 ftatjr = 50ft. FromEq.[4J 


By trial and error 


75 = |stnh[l ( 5 0) ] 


The maximum tension occurs at 8 = 0 miw = 0". Thus, 


F h = 184.9419 lb 


T F h 184.9419 

7-la “ — 3 — -— = 185 lb 

cos 0° 


y = h atjt = 50 ft Frora Hq.[6J 


184.9419 


Hliá4Ï9< 50) ]“ 1 }' 3 °- 3ft 
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■ ♦7-112. The cable has a mass of 0.5 kg/m and is 25 m 

long. Detennine the vertical and horízontal components of ds 

force it exerts on the top of thc tower. x * îì 

l + gttVo*) 1 


Pcrformlng ihe inlegruion yields. 



.A-Lnh-'íi 

4.905 \ [F„ 


(4.905í+ C,) +C 2 | [1] 


FromEq, 7-13 
dx F h > 

—(4.905J + C,) 
dx F h 


At s = 0; — = tan30°. Henoe C, ■ F„ ttn30“ 

dx 



dy 4.905J 


+ un30“ (2] 


Applying boundiry conditions at x - 0; s - 0 to Eq.[l) and using the reault 
C, =F„tan30° yields C 2 = -sinh’ 1 (tan30°). Hence 

x - _^£_ jsinh' 1 (4.905j + F H tan30“) j-sinh" 1 (tan30°)| (3] 

At jc = 15 m; j = 25m. FromEq.[3] 

15 = Jji- jsinh-'^ (4.905(25) + F H tan3(0 j- sinh-‘(tan30°)| 

By Uial and eiror F H = 73.94 N 

AtpoinlA. j = 25m FromEq.[2] 

„„0 _ M = ♦ 90,(25 2 >U n30° e = 65.90” 

♦ (fcl.-jj. 73.94 

(F r ) t = F h ísd8 á = 73.94tan 65.90* = 165 N Ana 
Ws-flf = 73.9N A» 
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7-114. The man picks up the 52-ft chain and holds it just 
high enough so it is completely off the ground. The chain 
has points of attachment A and B that are 50 ft apart. If the 
chain has a tveight of 3 Ib/ft. and the man weighs 150 Ib, 
determine the force he exerts on the ground. Also, how high 
h must he lift the chain? Hinr. The slopes at A and B are 



Deflectiom Cune of The Cable : 


/Ç •/64coHt 


[t + (l/^)(Jwo4r) J ]’ 


-7 whcrc w 0 ss 3 lb/ft 


^ f -.js oo ib 


lí> 15“ H> 


Performing the integraúon yields 


■ yjjinh"' y(3s + C,) +C 2 | 


Frora Eq. 7-14 


i m 7j w * dí ~r H (3l + c ' ì 


Boundary Conditions : 

— = 0 at s = 0. From Eq. [2] 0=-i(0+C,) C, =0 

dx F„ 


Then. Eq.(2J becomes 


dy 3j 

— = un9 = — 
dx F„ 


s = 0 ilr = 0 and use the result C, = 0. Frora Eq.[l) 


.^jsinh-|i(0+0)j+Ci| C : =0 


Rearrangmg Eq.[l] ( wc havc 


■Hr) 


Substiluting Eq.{4] into [3] yields 


Performing the integration 




y = 0 atjr = 0 . From Eq.[S] 0= ŷcosh 0 + C : , thus, C, =~y 
Then, Eq.(5] becoraes 


f h\ /'3 3 1 

. — cosh —x - 1 

3 {Fh J J 


s = 26 ft ats = 25 fL Frora Eq. [4] 


By trial and error 


!6 = ysinh i(25)j 
F h = 154.003 lb 


y = h atx * 25 fL Frora Eq. [6] 


Frora Eq.[3] 


. 154.003/ r 3 1 ì 

r[i5^ (25) j-r- 2if t 


dy\ „ 3(26) 

5L-»n =Une= T54^ =a5065 S = 2686 ° 

The veracal force F, that each chain exerts on Ihe man is 

F y = F„tan 0 = 154.003tan 26.86° = 78.00 lb 
Equation of Equilibrium : By considering the equilibriura of the raan, 

+ ÎIÇ=0; N m -150-2(78.00) = 0 tf„=3061b Ans 
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7-115. The balloon is held in place using a 400-ft cord that 
weighs 0.8 Ib/ft and makes a 60° angle with the horizontal. 
Ifthe tension in the cord at point/1 is 150 Ib, determine the 
length of the cord, /. that is lying on the ground and the 
hetght h. Hìnr. Establish the coordinate system at B as 
shown. 


DefUction Curve of The Cable : 


[l+ (!//■?) (Jhvìí) 1 ]' 


whcre w 0 =0.8 Ib/ft 


Perfomung ihe imegraúon yields 


From Eq. 7—14 


c ={ sinh " (0 >] -+ c,} 

ax t H t H 


Boundary Conditions : 


— =0 ati = 0. FromEq.|2] 0=d.(o+C.) C, =0 
dx F H 


Then, Bq. [2] becomes 


dy 0.8j 

— = tan0 -- 

dx F h 


s = 0 at x = 0 and osc thc resuh C, = 0. From Eq. [ 1J 


r = yjsinh''|jý(0+0) +Cj| C 2 =0 


Rcai*i-anging Eq. [ I], we havc 


r = ^-srnhí—jrì 
0.8 ) 


Substitudng Eq.[4] into [3j yiclds 


Perfonning the intcgradon 


z-“(r) 

F h /0.8 5 

' = ZTt cosh — 1 +( 

0.8 \F„ ) 





From Eq. [3] 


r= -S-r 150= -líL. 


— =tan 60° = - 


F h = 75.0 Ib 


J= 162.38 ft 


/ = 400—162.38 = 238 ft 


Substitutmg 3 = 162.38 ft into Eq.[4J, 


18 75 uf 0 - 8 A 

38 = —--stnh —x 

0-8 175 ) 

x= 123.46 ft 


y * * «4 » 123.46 ft From Eq.[6J 

+_ 75 0 r ,r°-8 


ûjHS 023 - 46 )]" 1 ] 393 - 7 ^' 


' ' 0 “ ' = 0 • Fr0ra =**■ '5) 0 = g cosh 0+ C,, tht». C , = 
T^tcn, Eq.[5J bccoraes ^.8 
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•7-ll4» A 100-lb cable is attached between two points 
at a distance 50 ft apart having equal elevations. If the 
maximum tension developed in the cable is 75 Ib, 
determine the length of the cable and the sag. 


FromEjumple 7-15, 




For - of caòle. 




ana— , - g - Fì 50 

F " F » “ F h 


>/(75)» - Fj «JO; f h , jj 9 


s * 27.8 ft 


^ * 27l " 1 801b/ft 


TolilIragtfa « lj m J5.6ft Au 




* 10.6 ft Am 
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7* /1*7» Determine the distance a between the supports 
in terms of the beam’s length L so that the moment in 
the symmetric beam is zero at the beam’s center. 



Support R.utions .-. From FBD (a), 

(+UíC=0 '■ o B, m z il+a 

4 

Fre. bodj Diagram : Tl» FBD for seamen, 4 r .. . 


C is drawn. 


scgmem A C sectioned through poim 


/nternai Forces : Thu problem requires M = n s 

ïbout point C[FBD (b)], we have C °' Summ,n * moments 


C^c=0; ”(• ) + l (L .Jl 




~ J (l+a >(2 J = ° 

2o 2 + 2oL-í 2 m 0 

a = 0.366i . „ 




± I 


i z 


^ l-o. 


\7 u * tL ) 


è- 


z. I z 

ByJfat*) 


7-m Dravv the shear and moment diagrams for the beam. 





! î î 

7í* 

^ 16 ^ Itt ^ Ift * Sft ‘ 



-X 



-»s -lOg 
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Draw the shear and moment dìagrams for the 
beam ABC. 


Support Rtactions : The 6 kN load can be rcplacde by an equivalent force 
and coupie momenl at B as shown on FBD (a). 

Ç+1M Á =0: F ca am 45°(6) -6(3) -9.00 = 0 F c0 =6.364kN 

+ ÎEÇ=0; A > + 6.364sin45°-6 = 0 A y = 1.50 kN 

Shear and Moment Functions : For 0 S x < 3 m [FBD (b)], 

+ ÎI/r=0; 1.50-V = 0 V = 1.30 ItN An* 

Ç+IM = 0; M- 1.5Ûx = 0 M={1.5Qi)kN m Ana 

For 3 m<x £ 6 m [FBD <c)], 

+ ÎÏF=0; V+6.364sin °45 = 0 V = -4.50lcN Ans 




ÇrlM = 0: 6.364sin 45°(6-x) -M = 0 

M = {27.0-4.5Qx) kN m 


v í*m) 





4 (k; 


X (W) 


- L4. S 


(C) N 




ffï íÌLt) 



'• ‘K ) 


~/zS 


7-120. Draw the shear and moment diagrams for the beam. 
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7-121. Detennine the nortnal force, shear force, and mo- 
ment at points tì and C of the beam. 



Free body Diagram: The Support reaclions need not be computed for 
this case. 


Internal Forces: Applying ihe equalions of equilibrium 
DC [TBD (a)|, we have 

to segment 

-Ì £ F, = 0; 

N c = 0 

Ans 

+ t zr, =0; 

V r - 3.00 -6 = 0 V c = y.00 kN 

Ans 

^ + ÏMc =0; 

-M c -3.00(1.5) -6(3)-40 = 0 



M c = -62.5 kN-m 

Ans 

/Vpplying the equations of equilibrium to segment DB 
we have 

[b'BD (b)]. 

-4 E F, = 0; 

o 

II 

:> 

Aas 

+ t =0: 

V B - 10.0 - 7.5 - 4.00 -6 = 0 



V B = 27.5 kN 

Ans 

^ + TMg = 0: 

; -M a - 10.0(2.5) -7.5(5) 



—4.00(7) -6(9) -40 = 0 



M b = -184.5 kN-m 

Aas 


1(3) = 3.0 k!M 6kN 



2(5)= 10.0 kN 7.5 kN 
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7-'i3CÌÌí ,u Â a âiafli is' suspel?Â S (P8eíween points at the same 
elevation and spaced a distance of 60 ft apart. If it has a 
weight of 0.5 lb/ft and the sag is 3 ft, determine the 
maximum tension in the chain. 


| 1 + ^j(w 0 áí) 1 | 


Performing the integraúon yields : 

i .^{, i „h-'[i; (0 . 5 í +C , )]+C 1 } 


PromBq. 7-13 
dy 1 f . 
dx F„ J 

% -1(0.3« + C,) 

dx F„ 


dy 

At j = O, — » 0 heace C, » 0 
dx 


dy 0.5í 

— m unfl * —— 
dx F h 


[ 2 ] 


Applying boundary cooditìons at x = 0; s ■ 
yields C 2 ■« 0. Hence 


■ê-(5-) 


[3] 


Substituting Eq.(3] into [2] yields : 


$■■*(¥) 


[4] 



0 to Eq.(l) and using the result C, » 0 


Performing tbe integratìon 
F„ (0.5 \ „ 

Applying boundary conditìons at x = 0; y * 0 yields C, = . Therefore 


At x = 30 ft; y - 3 ft 
By trial and crror F H 

At ac = 30ft; 


« 75.25 lb 
Prom Eq.[4] 


dy I 

tan0_„ = I 


* sinh 


dx\, -50ft 
Fu 75.25 


f 0.5(30)'| 
\ 75J5 J 


cos 6 mm cos 11.346* 
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/' T mine car and its contents have a total mass of 

statfc friï- 3 T'" ° f êraVÍty 8t !f the c °eff'cient of 
static fncíion between the wheels and the tracks is „ = 

0.4 when the wheels are locked, find the normal force 

ps on, f r s: ts rr 


Equaion, 0 f Equilibrium : Th e norrnl rcactions irtng on die vvhcels u 
M »nd S ) are ìndependent as to whether the «heets >re tocked or not Hencc 
•nie normal reacoons acdng on the wheels are the same for both cases. 

( + ZAÍ, =0; 

"a 


"a (1.5) + 10(1.05)- 58.86(0.6) = 0 
N. = 16.544 lcN = 16.5 lcN 


+ TZ^=0; iV,+ 16.544-58.86 = 0 

N s = 42.316 lcN = 42.3 kN 


Ana 


Ans 


Frioiion : When the wheels at A are locked, (/■ )_ =0.4(16.544) 

= 6.6176 kN. Since (/■).„ < 10kN, thewheels«A wili shp and títe whcels 
ai B will roli Thus. the mine car moves. 

When both wheeis al A and B are lodced. tften (F A ).„ = ^ = 0.4( 16.544) 
= 6.6176 lcN and (/>).„ =ii,N s =0.4(42.316) = 16.9264 kN. Since 

*“*■ ~ 23.544 lcN > lOlcN, the wheels do notslip. Thus, 

Uie mine car does not move 

Ans 


10 kN 


f - 0.6 m ~**| | 

1.5 m—-J 


30=5836 M 


/0K*J 


/■Offm 



m 

0 


~7rr J 

- 

4tf 

1 o-èm ToTnn 1 

Af â 

í 

A/a 


8-2. If the horizontal force P = »nih h , 
normal and friction-d ^ erminc thc 

Take Mf = 03 ™=0 2 ^ 0 " the 3 °°- ,b Cratc - 


Assumc no slipping: 


20 ° 


'’+ZF, - 0; 80cos20° - 300sin20“ + F c 

F c 

= 27.43 lb 

+'*F, = 0; w c 

- 300cos20° - 80sin20* 

N c 

= 309.26 Ib 

f F c).„ = «,6:,.; 

< F c).„ = 0.3(309.26) 

6- = 27.4 Ib 

Ans 

Nr = 309 Ib 

Ans 


1 > 27.43 Ib (O. 
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8-3. The uniform pole has a vveight of 30 Ib and a length 
of 26 ft. If it is placed against the smooth wall and on the 
rough floor in the position d = 10 ft, will it remain in this 
position when it is released? The coefficient of static 
friction is yu, = 0.3. 


ÇfZMt «0; 30 (5) - N, (24) = 0 

Af, = 6.23 lb 

Aï F, .0; 6.23 - F Á = 0 

F Á » 6.23 Ib 
+ T ZF y » 0; N t - 30 » 0 
N t = 30 Ib 

- 0.3(30) - 9 0> > 6.23 Ib 
Yn, tbe pole wiH reznâúi stttoaâry. 





Au 


♦8-4. The uniform pole has a weight of 30 Ib and a length 
of 26 ft. Determine the maximum distance d it can bc 
placed from the smooth wall and not slip. The coefficient 
of static friction between the floor and the pole is /x s = 0.3. 


♦ TI F, = 0; 

o 

II 

s 

1 


N a = 30 lb 

F t »(F<)— - 

0.3(30) = 91b 

ZF, ■ O, 

o 

1 

o 

1 

ï* 


N, « 9 0> 

ÇzMt = 0; 

30 (13 coj 0) - 9 (26 íin 0) - 0 


0 - 59.04° 

d » 26 co» 59.04° » 13.4 ft *n 
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8-7. An axial force of T = 800 lb is applied to the bar. 
If the coeffieient of static friction at the jaws C and D 
is /j s = 0.5, detennine the stnallest nortnal force that the 
screw at A must exert on the smooth surface of the links 
at B and C in order to hold the bar stationary. The links 
are pin-connected at F and G. 



Requìrc Fç = fi x Nç 
400 = 0.5 N c 


Nç = 800 Ib 


^ +ZM f = 0; -800(3) - 400(2) - (N u sin 30°)(2) 


| 1 m 5 in. L> N B 
-f q-, 0 . 


+ (Nb cos30°)(5) = 0 


*8-8. The winch on the truck ìs used to hoist the garbage 
bin onto the bed of the truck. If the loaded bin has a weight 
of 8500 lb and center of gravity at G, determine the force 
in the cable needed to begin the lift. The coefficients of 
static friction at A and B are Ka = 0.3 and /r B = 0.2, 
respectively. Neglect the height of the support at A. 



^+TM b =0-, 8500(12) -N Á (22) = 0 


Nb = 4636.364 lb 


Ìîf, = 0; T cos30" 


'N a 0.2N b W\ ki 
1.30° N„ 


- 0.2/Vfl cos 30° - Nb sin 30° - 0.3(4636.364) = 0 
r(0.86603) -0.67321 N B = 1390.91 

+ fl F, = 0; 4636.364 - 8500 + 7'sin 30“ + N B cos 30° 

- O.INb sin 30° = 0 


7 (0.5) +0.766025 N B = 3863.636 


T = 3666.5 lb = 3.67 kip 


Ng = 2650.5 lb 
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8-9. The 15-ft ladder has a uniform weight of 80 lb and 
rests against the smooth wall at B. If the coefficient of 
static friction at A is fj. A = 0.4, determine if the ladder 
will slip. Take 9 = 60°. 




+TM Á = 0; yV J (15tln(S0') - 80(7J)co8l50° = 0 





/ /j 

N, = 23 .094 lb 


/ // 



/ // w 

=0; /ù = 23.094 lb 


15 ft /7 áffiáí.. 

/// m 

+ Îï2r = 0; N Á = 80 lb 

,! f r b 

/ /7 /âïf/ 

= 0.4(80) = 32 Ib > 23.094 Ib (O.K!) 


4 

Tbe ladder will not «Up. Am 



8-10. The block brake is used to stop the wheel from 
rotating when the wheel is subjected to a couple moment 
M n . If the coefficient of static friction between the wheel 
and the block is n.„ determine the smallest force P that 
should be applied. 



£ IMc - 0 ; Pa - Nb + V, Nc * 0 
(b - li, c) 

Ç-LMo = 0 ; H, Nr - M 0 = 0 

N- p \-r ——V = M ° 

\b - ii, c) 



P = - (b - n, c ) An» 

N, ra 
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8-13. The block brake consists of a pin-connected lever 
and friction block at B. The coefficient of static friction 
between the wheel and the lever is/ a s = 0.3, and a torque 
of 5 N • m is applied to the wheel. Determine if the brake 
can hold the wheel stationary when the force applied to 
the lever is (a) P = 30 N, (b) P = 70 N. 




To hold lever: 




L +1M 0 m 0; F b (0.15) -5 = 0; F s = 33.333 N 


— 400 mm — 




. í í f' f —g 


33.333 N 

n b = -ôl- = 11U N 


*} illl.liJ 

O-DS^Î 


(.+W A =0; P Rtfl (0.6) - 111.1(0.2) - 33.333(0.05) = 0 f 


P».n. = 39.8 N 


a) P = 30 N < 39.8 N No Ans 

b) P = 70 N > 39.8 N Yes Ans 
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*8-16. Fho car has a mass of 1.6 Mg and center of mass 
at 6. It thc coefficient of static friction between the 
shoulder of the road and the tires is /u, = 0.4. determine 
the greatest slope 8 the shoulder can have without causinst 
the car to slip or tip over if the car travels along the 
shoulder at eonstant velocitv. 




=0; — W cos0(2.5) + W siaff(2.5) =0 


SUpping : 

ZÇ = 0; 0.4/V - W sinfl = 0 

- 0: N - Wcos9 = 0 


9 - 21.8° Ahb (car sUps) 


483 






www.usacingenieria.blogspot.com 


8-17. The drum has a weight of 100 Ib and rests on the 
floor for which the coefficient of static friction is (i s = 0.6. 
If o = 2 ft and 6 = 3 ft.determine the smallest magnitude 
of the force P that will cause impending motion of the 
drum. 


Auume that the drum hpi: 
x » 1 ft 

(*S.Mo » 0; 100(1) + P Cl> 2 )-'(l>3)- 0 

P » 83.3 Ib 

-+IF, = 0; - F + 83.3 (j) * 0 

F - 66.7 lb 

+ ÎIF, » 0: N- 100 - 83.3 (jj » 0 
N - 150 Ib 

Fmm » 0.6(130) > 90lb > 66.7 OK 
Dram tips is assumed. 

P * 83.3 Ib Aas 



I lootb 


8-18. The drum has a weight of 100 Ib and rests on the 
floor for which the coefficient of static friction is n s = 0.5. 
Ifn = 3 ft and 6 = 4 ft.determine the smallest magnitude 
of the force P that will cause impending motion of the 
drum. 


Asjume thM the drum shps : 

F » 0.5 N 

Í+XF, »0; - 0.5/9+ />(í)» 0 

+1 ZF, - 0; - P 0) - 100 + N » 0 

P - lOOIb 
N - 160 Ib 

(+ZMo - 0-, 160 (r) + 100 (j)(l î) - 100 (i)(4) » 0 

x » 1.44 ft < 1.5 ft OK 
Drum slips u asmmrd 

P - tOOlb Ans 



3>£ . ItJúlb 


-r’* 



_ 


o 
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w^9Jsaró0%0êfffcfó9âi^ t ÌÇîï'f ri ct i on between the shoes 
at A and B of the tongs and the pallet is n' s = 0.5, and 
between the pallet and the floor /i s = 0.4. If a horizontal 
towing force of P = 300 N is applied to the tongs, 
determine the largest mass that can be towed. 


75 mm —~— 75 mm 




i t- 




- 





Chain: 


+ ÎEF, = 0; 

‘íivÍJ’ 

2T sin60° - 300 = 0 Y 


300i>) 

T = 173.2 N 

Tongs: 


(^ + LMc =0; 

-173.2 cos60°(75) - 173.2 sin60"(50) + (75) - 71(20) = 0 

F = #tN; 

F t = 0.5/7, f« 


Crate: 

UïF, = 0 ; 
f = 

+ ÎIF, = 0; 


F Á = 107.7 N 

F = 2(107.7) = 215.3 N 
F = 0.4 N 
N = 538.3 N 
W = 538.3 N 

538.3 ,, „ 



173.3 N 

2CMtn 


3(lC7.*í)H - 




- 54.9 kg Ans 


*8-20. The pipe is hoisted using the tongs. If the 
eoefficient of static friction at A and B is [i st determine 
the smallest dimension b so that any pipe of inner 
diameter d can be lifted. 



w 


„ W d w 

(. + uí c - 0; - N Á (h) + *(-) = 0 




W H,W 
2 


* s (í’-j)!'. 


* £ — + - 
4, 2 


. h d 
(>=- + - 
4, 2 
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weight W the man can , , 

l.ft w,th constant veloc.ty using the pulley system, without ‘ 

and then w.th the “leading block” or pulley at A.The man +Tj ^ = 0; 

has a we.ght of 200 Ib and the coefficient of static friction 

between his feet and the ground is = 0.6. ^ = 0; 


jsin45° + N - 200 = 0 


- jcos45° + 0.6 N = 0 



W = 318 lb Ans 




-îzrç = 0; 


-+ZF, = 0 ; 



«' - 360 Ib Ans 


8-22. The uniform dresser has a weight of 90 lb and rests 
on a tile floor for which y. s = 0.25. If the man pushes on 
it in the horizontal direction 8 = 0°, determine the 
smallest magnitude of force F needed to move the 
dresser. Also, if the man has a weight of 150 Ib, determine 
the smallest coefficient of static friction between his shoes 
and the floor so that he does not slip. 




+ î£f, = 0; 


N„- 90 = 0 


N„ = 90 lb 


-*£F' = 0 ; 


F- 0.25(90) = 0 


+ ÎI£ =0; 


F = 22.5 lb Ans 


N m - 150 = 0 


AL = 150 lb 


-22.5 + (150) = 0 


ti m =0.15 
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a wcight of 90 lb and rests 
on a lil e floor for which Mï = 0.25. [f the man pushcs on 
it ìn the direction 0 = 30°. determine the smallest 
magnitude of force F needed to move the dresser. Also, 
if the man has a weight of 150 Ib, determine the smallest 
coefficient of static friction between his shoes and the 
floor so that he does not slip. 


Drcsser: 

+ ÎÏF. = 0; 


-+ZF, = 0 ; 



Man: 

+ Î£F = 0; 


->ZF, = 0; 


= 


♦8-24. The 5-kg cylinder is suspended from two equal- 
length cords The end of each cord is attached to a ring of 
negligible mass, which passes along a horizontal shaft. If the 
coefficient of static friction between each ring and the shaft 
is n, = 0.5, determine the greatest distance d by which the 
rings can be separated and still support the cylinder. 


Friction : When the ring is on the verge to sliding along the rod, slipping will 
have to occur . Hence, F= pN = 0.5 N. From the force diagram (T is the 
tcnsion developed by the cord) 


N 


bl 


tan 9 - -- 2 

0.5 N 


9 = 63.43° 


Geometry . 


d = 2(600cos 63.43°) = 537 mra 


Ans 
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^..s^enienablo^spojjcomj vertically by tiltl ng it 

up and siidina the smooth pin A aiong the vertical guide 
q When placed horizontallv. the bottom C then bears 
.,l on o the edae of the guide, where /x v = 0.4. Determine 
the largest dímension d which will support any apphed 
force F without causing the board to slip downward. 


Top view 



+ ÎEÇ = 0; 
(. +£*(, = 0 ; 


0.4Ar c - F= 0 


~H6) + d(N c ) - 0.4JV C (0.75) = 0 

N 

-0.4Ar c (6) + d(N c ) - 0.4Af c (0.75) = 0 
d = 2.70 in. Ans 



8-26. The homogeneous semicylinder has a mass m and 
mass eenter at O. Determine the largest angle 9 of the 
inclmed plane upon which it rests so that it does not slip 
down the planc.TTic coefficient ofstatic friction between 
the p'ane and the cyl.nder is Mï = 0.3. A.so. what is the 
angle è for this case? 




The semi cylinder is a two - force mcmbcr : 
Since F = fiN 


0 = tan“*0.3 = 16.7° 


sin( 180° -+) " siniljo 



0.6771 = sìn^ 

^ = ° Ans 
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8-27. Car A has a mass of 1.4 Mg and mass center at C. 
It'ear B exerts a horizontal force on A of2 kN,determine 
if this force is «reat enough to move car A. The 
coeffieients of static and kin'etic friction hetween the tires 
and the road are /x, = 0.5 and fx k = 0.35. Assume B 's 
humper is smooth. 



Slipping : 


—► UF X * 0; F - 2*0 


I 3. 7 54 4 U 


+ t = 0; N. = 13.734 kN 


F m „ = 0.3(13.734) = 6.867 kN > 2 kN 


(. +TM C = 0; 2(0.5) < 13.734(0.8) 




4 _JT‘'o.S*y\ 


Thcrrfore car will not move. Ans 
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*8-28. A 35-kg disk rests on an inclined surface for 
which /x, = 0.2. Determine the maximum vertical force P 
that may be applied to link AB without causing the disk 
to slip at C. 


Equations of Equitibrium : From FBD (a), 

£ + ZM, =0; />(500)(900) =0 A,= 0.6667 P 

From FBD (b). 

+ t ZFj = 0 N c sin 60° - /^sin 30° -0.6667/>-343.35 = 0 [1] 

£+ IM 0 = 0; F c ( 200) - 0.6667/>(200) = 0 [ 2] 

Friclion : If the disk ìs on the verge of moving, slipping would have to occur 
at point C. Hence, F c = fi,N c = 0.2 N c . Subsdtubng this value intt> Eqs.[l] 
and [2] and solving, we have 

/> = 182 N Ans 

N c = 606.60 N 



35(jê0=34íi51 1 



8-29. rhe crate has a W and the coefficient of static 
friction at the surface is /x, = 0 . 3 . Determine the 
orientation of the cord and the smallest possible force P 
that has to be applied to the cord so that the crate is on 
the veree of moving. 

Equttíiom of Equilibrium : 

+ A + ftin S-IV = 0 



U1 


->XF x = 0; Pcos8-F=0 j 

sotvï. we háve " " h " ““ and [2] and 


/>= - 


0.3W 


«>s S+0.3sin 8 


N = - 


H'cos 8 


cos S+0.3sin 8 


In order to obtain the minimum P —-o 
'd8~ 


g = O W r jj”»-0-3co.9 1 
dB L(C 0 S S+0.3sin 8) 2 J 0 
sin S-0.3cos S = 0 
9= 16.70°= 16.7° 


Ans 


<PP 

d8P 


0.3H '(" (C0S g + a3sin g) : + 2(sin 8- 0.3cos S) 3 , 
L (cos S+ 0.3sin S) J 


Al p 

Ar6= 16.70°, — -=07miw^n ,, 

dSO U.ae73w > 0. Thus, S = 

minimun P. 


16.70° will resuli in í 


COS 16.70° 


0.3 W 

+ 0.3sin 16.70° 


= 0.287 W 


Ans 


w 
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♦8-32. The semicylinder of mass m and radius r lies on 
the rough inclined plane for which é = 10° and the 
coefficient of static friction is /x, = 0.3. Determine if the 
semicylinder slides down the plane, and if not, find the 
angle of tip 6 of its base AB. 


Equationj of Equilibrium : 



V ÏM 0 = 0; 

f(r)-9.81msin = 0 

[1] 

1F, = 0; 

Fcos 10°-(Vsin 10° = 0 

[2] 

+ î ZF y = 0 

Fsin 10° + /Vcos 10° —9.81m = 0 

[3] 


Solving Eqs.[lJ, [2) and [3] yields 

jV = 9.66 lm F= 1.703m 

6 = 24.2° A 

Friction : The maximura fríction force that can be developed between the 
semicylinder and the inclined plane is (F) mtí =fiN = 0.3(9.661m) 

= 2.898m. Since F mUi > F = 1.703m, the semicylinder will not slide 
down the plane. t 



radius ' B "» 

determine the smallest " rr ■ ^ ,ncl,nat, on 4> = 15°, 



Equatìons of Equilibrium : 

^+.ZF,=0: fV9.8imsin 15° = 0 F=2.539m 

^+Kŷ=0; 5f-9.81mcosl5° = 0 N = 9A16m 

Friction : If die semicylinder is on the verge of moving. slipping would have to 
occur. Hence, 

F=tl,N 

1539m = n, (9.476m) 

ft, m 0.268 Ans 
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^^vy.uEàêi^êHl^rá^og^dfccbtrt 1 ^' «Jcsigned to prcvcnt 
opcning thc Joor. II the hracc forms a pin connection 
under the doorknob and the coeffieient of static friction 
v*ith thc tloor is /í, = 0 . 5 . determine the laraest lensth L 
the bracc cttn liave to preyent the door from beintt 
opened. Neglect the v\eíght of the brace. 


M I I / 
5 l ‘( í i ‘ 


The brace is a two - foroe menber. 
0^/V _ jv - (3)2 

N = 5 

1.5 = fv - (3)2 
L = 3.35 ft Ans 


8-35. ITte man has a vvetght of 200 Ib, and the coefficient 
of static friction betvveen his shocs and the floor is 
g, = 0.5. Determine where he should position hts center 
of gravity G at d tn order to excrt the maxtmum 
horizontal lorce on the door. VVhat is tliis forcc? 



F m „ = 0.5 N - 0.5(200) = 100 lb 


-»ï/ŷ = 0; P - 100 = 0; P = 100 Ib 

l = 0: 200(<0 - 100(3) = 0 


u- 
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♦8-36. The 80-lb boy stands on the beam and pulls on 
the cord with a force large enough to just cause him to 
slip. If (/!,)„= 0.4 between his shoes and the beam, 
determine the reactions at A and B.The beam is uniform 
and has a weight of 100 Ib. Neglect the size of the pulleys 
and the thickness of the beam. 



3 ft - 4 fl 


Equaíionj of Equilibrium and Friction : When the boy ìs on the verge to 
sUpping. then F D = (ft,) D N D = 0.4 N„. From FBD (a). 


+ ÎX/r=0; Af o -^j-80 = 0 

AS^=0; 0.4^ - = 0 


Solving Eqs.(l] «nd [21 yields 


Hcnce, F B = 0.4(96.0) = 38.4 lb. From FBD (b), 


Ç+IM, =0; 100(6.5) + 96.0(8) -41.6^jj( 13) 

+ 41.6( 13) + 41.6sin 30°(7) -A, (4) = 0 
A y =474.1 lb = 474 lb 


= 0; S,+41.6^j-38.4-41.6cos30° = 0 


B, = 36.0 lb 



F t --o +*] p 


(PL) 

Ui'96-Olb 


100 Ifc 

. Í5k 


* 5}t / y'iftl +<( u 

T=4i í ií y ift A* > 

r.b) 


+ ÎX/V-0; 474.1+41.6^ j-41.6 

-41.6sin 30° -96.0— 100- B y =0 
B =231.7 lb = 232 lb 
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8-37. The 80-lb boy stands on the beam and pulis with a 
force of 40 Ib. If (fi s ) n = 0.4 , determine the frictional force 
between his shoes and the beam and the reactions at A and 
fi.The beam is uniform and has a weight of 100 Ib. Neglect 
the size of the pulleys and the thickness of the beam. 



" 3 ft —4-4 fi - 


EfilatloHt of EquiUbrium and Friclion : From FBD (*), 


+ ÎJ^,=0 : tf o -40^y_ 80 = 0 AT D = 95.38 K> 

-* ZF, = 0; F d ~ 40(^Ì j = 0 F 0 = 36.92 Ib 

Since (F D ) m „ - (p,)3r D = 0.4(95.38) = 38.15 lb > F 0 , ihen the boy does 
not slip. Therefore, the friaion force developed is 


From FBD (b), 


F 0 = 36.92 lb = 36.9 Ib 


^+IAf, =0; 10O(6.5) + 95.38(8)-4O^j(13) 

+ 40( 13) +40sin 30°(7) — 4, (4) = 0 
4, = 468.27 lb = 468 lb 

-* ZF; = 0; B, +40^j_ 36 92 - 40COS 30” = 0 
B, = 34.64 lb = 34.6 lb 

+ ÎI/j;=0; 468.27 + 40^ j-40 

-40sin30»-95.38-100-B, =0 
B = 228.27 Ib = 228 Ib 



/oo lb 

4011. I L b'Sft 




5/t rW' 3fc I ™ \ 
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' have a weight Of 10 .b and 

6 Ib, respectively. rhey are resting on the incline for which 
the coefficients of static friction are M/1 = 0.15 and = 
0.25. Determine the incline angle 0 for which both bloclcs 
begin to slide. Also find the required stretch or 
compression in the connecting spring for this to occur The 
spring has a stiffness of k = 2 Ib/ft 



Equatio*, of Equilibrium : Using the spring force fommi», F «fct 
= ic. From FBD (a), *' 

J>pZF,=0; 2r + Ç-lOsin 0 = O [!] 

V^, =0; N A — lOcos 0 = 0 (2] 

From FBD (b), 

^>^■=0; F, -2x-6sin 0 = 0 (3] 

=0: At f -6cos0 = O 

[4] 

.«7^175; s p r=r‘i! ,ve “ 

ha ° e * ' SntU “ £ *“ e values i "° BV-Hl. 121. (3) and [4] and solving. we 

6=10.6° x = 0.184 ft Anj 

N a = 9.829 Ib N, = 5.897 lb 


fep w £x. 


Ca.) 

< 9 , 6/6 




8-39. Two blcxilc.s A and B have a weighl of 10 Ib and 

-‘■^rjïïïsrjsas'---*- 


Solvrng Eqs.(l), (2), (3). (4) and [5] y,elds 

6 = 8.531° At,= 9.889 lb /r = 1.483 Ib 
= 0.8900 Ib N, = 5.934 Ib 

= Ï' ,N ‘ =0 ' 25(5 ' 934) = 1 - 483 lb>f »' hlodc B docs not 
lip Therefore, ihe above assumptìon u cotTecc Thus 

6 = 8.53° F a = 1.48 Jb F s = 0.890 Ib A , 


* = 2 Ib/ft 


- -- =4 ^....onum : Suh* Blockd „d B is euher noi 

VCT8e 0f m0Vmg ' ‘b' s p™« force F tf = 0. Fron, FBD (a), 

moving or on 


ZF t . =0: 

F a - lOsin 0 = 0 

11] 

/C/t 

=0; 

N a - lOcos 0 = 0 

[21 


From FBD (b). 



+*ZF,= 0; 

F b - 6sin 0 = 0 

[3] 


V^=0; 

N, - 6cos 0 = 0 

[4] 


Frìc.ion : Assunung blodc 4 is on Ihe verge of slippmg, tf.cn 


(a) 

f a 

= =0.15/7, 

[5] 

í> ifc 

l 
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■W«: us ^8fiWfif^t^g8Krt^nfbrce the man must exert 
on the rope in order to move the 80-kg crate. Also, \vhat 
is the angle 6 at this moment? The coefficient of static 
friction betvveen the crate and the floor is /j. s = 0 . 3 . 



-+ =0; 0.3AT C - T sinO = 0 (1) 

+ îï/r =0; N c + T cotd - 80(9.81) = 0 (2) 


* ZF X = 0: -Tco630° + rcos45° + TtinS = 0 


+ ÎE/ỳ = o ; Tsin30° + rsin45° - T'cosO = 0 


.ì! 

■ I...-- ,^'b 


f,-2.’4- 


• A ‘ Vr ■*-" 


r = 6.29253 r sinfl 


r = 0.828427 T'coae 




r = 0.82134 r (3) 




From Eqs. (1) and (2), 
N c = 239 N 
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8 - 42 . The triction hook is made from a fixed frame 
which is sho\vn colored and a cylinder of negliaible P«per: 
weight. A piece of paper is placed between the smooth 
wall and the cylinder. If 6 = 20°, determine the smallest + ^ 
coefficient of static friction /x at all points ot' contact so F _ 
that any weight W of paper p can be held. 



Cylioder: 
(, + IMo =0; 


-*XF, = 0; 


+ ÎLE = 0; 


0.5 IV „ 

\cos20” + Fsin20°-— = 0 


sin20° - Fcos20° - 0.5 W = 0 


fi 1 sin20° + 2/icos20° - sin20° = 0 


yr'ỳ. —x 


fí = 0.176 Ans 


8-43. Ihe refrigerator has a weight of 180 Ib and rests on 
a tile floor for which n. — 0.25. If the man pushes 
horizontally on the refrigerator in the direction shown, 
determine the smallest magnitude of force needed to move 
it. Also, if the man has a weight of 150 Ib, determine the 
smallest coefficient of friction between his shoes and the 
floor so that he does not slip. 

Equauons of Equilibrium : From FBD (a), 

+ ÎE/;=0; N-180 = 0 N=1801b 


-> ZF, =0; F-F = 0 [1] 

(+LM A =0; 180(jr) -F(4) = 0 [2] 

^rietion : Assummg thc refngeraior is on the verge of slipping, then F - fxN 
= 0.25 (180) = 45 Ib. Substiûning this value into Hqs.fl], and [2] and solving 
yields 

P = 45.0 lb x = 1.00 ft 

Sincex < 1.5 ft, the refrigeraior does not dp.Therefore, the above assurnpdon 
is correcL Thus 


From FBD (b), 

+ ÎIÇ=0; N m - 150 = 0 N m = 150 Ib 

■+îl)=0; F m -45.0 = 0 F„ = 45.0lb 

When the man is on the vcrge of siipping, then 

Fm =U.'N m 
45.0 = u,'( 150) 
fi.' = 0.300 




P -454H 
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*8-44. The refrigerator has a vveight of 180 Ib and rests 
°n a tile floor for which = 0.25. Also, the man has a 
weight of 150 Ib and the coefficient of static friction 
between the floor and his shoes is /x s = 0.6. If he pushes 
horizontally on the refrigerator, determine if he can move 
it. If so does the refrigerator slip or tip? 

Equations of Equitibrium : From FBD (a), 

+ ÎI/ỳ=0; Af - 180 = 0 N = 180 lb 

-+ ZF X = 0; P- F= o ( 

C+IAf, =0; 180(a:)-F(4) = 0 

Fnction : Assuming the refrigeraior is on the verge of slipping, then F = )iN 
= 025( 180) = 45 ib. Substituting this value imo Eqs.[l). and [2] and solving 

/” = 45.0 Ib x = 1.00 ft 

Srnce r < b5 ft, the refrigerator does not op.Therefore, the above assumption 
is corrcct Thus, the refrígerator slips. Ans 

Frora FBD (b), 

+ TXfJ=0; N m -150 = 0 N m = 150 !b 
-*ZF.=0; F m - 45.0 = 0 F m = 45.0 Ib 

Smce (F, ).„ = ft,'N m = 0.6( 150) = 90.0 lb > F m , then dte man does not sUp. 
Thus. The man is cap.ble of moving th e refrigerator. Ans 


-3ft- 


4 ft 


IHÊ&ÌÎS8&M&" 3ft 


8 : 45 V 11,6 w A heel wei « hs 20 lb and rests on a surface for cvUnderA ■ 
rh 't ^ B f u °V 2 ' A C ° rd wra PP ed arou nd it is attached to 

of e ° P O f 1 e ’ 0db homo S eneous block. If the coeffìcient Assume siipping at b, f =0.2 n , 
°f stat c fnctton at D, s = 0.3, determine the smallest 

vert'cal force that can be applied tangentially to the wheel UZW * =0; 
which will cause motion to impend. 


xu, 



í+ÏM d = 0 ; 


F s +T = P 
F, =T 
N s = 20 + P 
N s =20 + 2(0.2N s ) 

N, = 33.33 lb 
F, = 6.67 Ib 
T = 6.67 lb 

P = 13.3 lb Ans 

F n = 6.67 lb 
N d = 30 Ib 

(F 0 ) m „ = 0.3(30) = 9 lb > 6.67 lb 
(No sUpping occuis) 

- 30(x) + 6.67(3) = 0 

x = 0.667 ® < ~ = 0.75 ft 
(No Upping occurs) 


Fb . 




(O.K!) 


(O.K!) 
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8-46. Each of the cylinders has a mass of 50 kg. If the 
coefficients of static friction at the points of contact are 
M.i = 0.5, n/ì = 0.5,/x< = 0.5,and /n, 5 = 0.6,determine the 
couple moment M needed to rotate cylinder E. 


Equalions of Equilibrium : From FBD (a). 


-> 1F, = 0; 

O 

II 

1 

ï? 

[1] 

+ Tl^ =0 

N c + fi- 490.5 = 0 

[2] 

Ç+IM 0 =0; 

M-F c (0.3)-F d (0.3)=0 

[3] 

Frora FBD (b), 




n á +f,-n d = o 

[4] 

+ TZF, =0 

N ê-f\-F 0 - 490.5 = 0 

[5] 

Ç+IM,= 0; 

(0.3) + /ì (0.3) — (0.3) = 0 

[6] 


Fncl.on ; Assummg cyiinder E stips at pornts C and D and cylindci Fúott not 
movc, thcn F c - n, c N c = 0.5,V C and F„ = n t 0 N 0 = 0.6 N a . Subsntuting 
thesc values into Eqs.fll, [2] and [3] and soivrng, wc havc 


” 377.31 N N d m 188.65 N 
M = 90.55 N ■ m = 90.6 N • m 


Ans 


If cylinder Fis on the verge of sUpping at pointA , then F, =H, Á N A = O.SN A . 
Subsntute this value into Eqs. [4], [5] and [6] and solving. we have 

tV* = 150.92 N N, = 679.15 N F, = 37.73 N 

Su.ce </*).., =n„N, = 0.5(679.15) = 339.58 N > F,. cyiínder fdoes 
notmove. •n.erefore the above assumphon is correct 




50(9 30 =4 9G-5 A 
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*8-48. The beam AB has a negligible mass and thickness 
and is subjected to a triangular distributed loading. It is 
supported at one end by a pin and at the other end by a 
post having a mass of 50 kg and negligible thickness. 
Determine the two coefficients of static friction at B and 
at C so that when the magnitude of the applied force is 
increased to P = 150 N, the post slips at both B and C 
simultaneously. 



McmbeMfi : 

Ul M a =0; 

Post: 

+ ÎZ/p =0; 

(.+£ M ç =0; 

Ajjj; = 0; 




F c - 

68.571 N 


_ ÍC _ 

68.571 


Mc 


933.84 

= 0.0734 

N c 


Um 

m $ 

51.429 

_ A AO/C/t 



533.3 

* u.uyM 


-800<|) + Af,(2) = 0 

b =95 0 

'li.---- 1 

N, = 533.3 N 

7 »-»\A p*" 1" ~y, 

!n 6 

N c - 533.3 + 1Î0(|) = 0 1 

3 

N c = 933.84 N 

F cJ 

4 


--(150)(0.3) + F a (0.7) = 0 


F, = 51.429 N 

|| 0,3r» 

4 

-(150) - F c - 51.429 = 0 

T" 
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8-49. The block of weight W is being pulled up the 
indined plane of slope a using a force P. ]f P acLs at 
the angle <p as shown, show that for slippìng to occur, 
P = W sin(a + $)/ cos (<p — tì) where tì is the angle of 
friction: 0 = tan -1 /r. 



t +D F x = 0; P cos 0 - W sin a — \iN = 0 

+ î ïFy =0; N — W cos ct + P sin0 = 0 

P cos <p — VV' sin a — \i (VV cosur ~ P sìn 0) = 0 

p = w ( * ina + * iCOStt \ 

V cos 0 + M sin 0 / 

Let \i = tan 9 

P- w( Ún(a+(>) ) (QED) 

\cos (#-»)) v 


8-50. Determine the angle <j> at which P should act on the 
block so that the magnitude of P is as small as possible 
to begin pushing the block up the incline. What is the 
corresponding value of P? The block weighs W and the 
slope a is known. 


From Prob. 8-49: 

p= w( \ 

V cos(0 - 9 )) 

££ _ w ( sin(g +9) sin(0 - tf) \ _ 
tl<P V COS 2 (0-(y> / — 

sin(a + 0) sin(0 — 0) = 0 

sìn(a + 0) = 0 or sin(0 - 0) = 0 

a = —9 0 = 9 Ans 

P — W sin(a + 9) 

P = W sin(a + 0) Aas 
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8 - 51 . The beam AB has a negligìble mass and thiclcness 
and is subjected to a force of 200 N. It is supported at one 
end by a pin and at the other end by a spool having a 
mass of 40 kg. If a cable is vvrapped around the inner core 
of the spool, determinè the minimum cable force P 
needed to move the spool. The coefficients of statìc 
friction at B and D are = 0.4 and /t„ = 0.2, 
respectively. 


' 1 m—f— | 


0.1 m-HfcnTT^ 


Equations of Equilibrium : From FBD (a), 


Ç+lM t =0\ N, (3) - 200(2) = 0 N, = 133.33 N 


From FBD (b), 

+ T ZF f = 0 N 0 - 133.33-392.4 = 0 N a = 525.73 N 

Alí;=0; P-F,-F d = 0 

(+ 1M 0 = 0; F, (0.4) - />(0.2) = 0 

Friction : Assuming ihc spool slips at point B , then F B = /i, B N B 
= 0.4( 133.33) = 53.33 N. Subsdtuting this valuc into Eqs.[l] and [2] and 
solvmg, wc havc 

F d = 53.33 N 

P = 106.67 N = 107 N Ai 

Since (F d ).„ =H, d N d =0.2(525.73) = 105.15 N > F B , the spooldoes 
not slip at point D. Thercforc thc above assumpdon is corrcct 


'n | j 





40C9 60-3914 4 


-' 8 - 52 . Block C has a mass of 50 kg and is confined 
betwcen two walls by smooth rollers. If the block rests on 
top of the 40-kg spool. determine the minimum cablc 
force P needed to move the spool. The cable is wrappcd 
around the spool's inncr core. ITie coefficients of static 
friction at A and tì arc fx A = 0.3 and /u a = 0.6. 



+ T ZF y = 0; N, - 490.5 - 392.4 = 0 
N, = 882.9 N 

1, + IM, =0; F Á (0.4) - F, (0.4) + «0.2) = 0 


->ZF T = 0; -F. + P - R = 0 



?4Z.4-tJ 


Assume spool sUps at A, thcn 

F A = 0.3(490.5) = 147.2 N 
Solving, 

F B = 441.4 N 
P = 589 N Ans 

N b = 882.9 N 


Sincc(^) mal = 0.6(882.9) = 529.7 N > 441.4 N 


505 





www.usacingenieria.blogspot.com 

8-53. The uniform 60-kg crate C rests uniformly on a 
10-kg dolly D. If the front casters of the dolly at A are 
locked to prevent rolling while the casters at B are free 
to roll, determine the maximum force P that may be 
applied without causing motion of the crate. The 
coefficient of static friction between the casters and the 
floor is fi f = 0.35 and between the dolly and the crate 
P,t = 0.5. 


h—0.6 m —h 



Equatio ns of Equilibrium : From FBD (a), 

+ Î£/ỳ=0; 6^-588.6 = 0 N d = 588.6 N 


>LF X = 0; P—F d = 0 


(+IAf, =0; 588.6(x) -P(0.S) = 0 


From FBD (h), 

+ Î£/ỳ=0 N b +N á -588,6-98.1 = 0 

P, =0; P-F Á =0 

£+£A/ 8 =0; N Á (1.5) -/>(1.05) 

-588.6(0.95)-98.1(0.75) =0 

Fnc'ionj Assumtng the crate shps on doUy, then F d = p SJ N d = 0.5(588.6) 
294.3 N, h ubsUtuting this value tnto Eqs. [1] and [2] and solvtng, wehave 

P= 294.3 N x = 0.400 m 

Smce ,r >0.3 m, the crate Ups on the dolly. If this is the case x = 0.3 m. 
Solving Hqs.flJ and [2] with t = 0.3m yields 

P= 220.725 N = 221 N 
F d = 220.725 N 

Assuming the dolly slips aíA. then F A = p tf N A = 0.35tf,. Substítutìng this 
value into Eqs. [3J, [ 4] and [5] and solving, we have 

N a = 559 N N„ = 128 N 

P= 195.6 N = 196 N (ControU) Ans 


6o(ŷ-6i)=538’é>rf 
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8-54. Tvvo blocks A and B, each having a mass of 6 kg, 
are connected by the lìnkage shown. If the coefficients of 
static friction at the contacting surfaces are /z..\ = 0.2 and 
/i B = 0.8, determine the largest veitical force P that may 
be applied to pin C vvithout causing the blocks to slip. 
Neglect the weight of the links. 


Equatìons of Equilibrium: From FBD (a), 

+ £ /v - 0; T b cos i 5° - P sin 45° = 0 T B = 0.7321 P 

+ £ F y ' = 0; T Á + 0.732 1 P sìn i 5° - P cos 45° = 0 

T a = 0.5176 P 



From FBD (b). 




v' 

Jb x > 


+ t EF,. =0; 

N a — 0.5176/» sin 45° 

- 58.86 = 0 

m 


3° *]L/ 

6(9.81) = 58.86 N 







l 

-i Y.F, = 0 ; 

0.5176/ > cos 45° - F A 

= 0 

121 


* 

T t _ 

From FBD (c). 




/ 


f a \ 

+ t EF y = 0; 

N b - 0.7321 Psin 60° 

- 58.86 = 0 

13.1 


'P 

N Á T a = 0.5176 P 


-> £ F, = 0; - 0.7321 P cos 60' =0 14] 

Friction : Assuming block 4 slips, then F A = f.i sA N A ~Q.2N A . 
Substituting this value into Eqs. |1], |2), ]3J and [4] and solving, 
we have 

P = 40.20 N = 40.2 N Ans 

N a = 73.575 N N b = 84.35 N = 14.715 N 

Since (F tf ) inax = ,i iB N n = 0.8(84.35) = 67.48 N > F a , block B 
does not slip. Therefore, the above assumption is correct. 


(a) 

6(9.81) = 58.86 N 





□ 

n 

60 °' 



7*^ = 0.7321 P n b 
(c) 


8-55. The uniform beam has a weight W and length 4o. 
It rests on the fixed rails at A and B. If the coefficient of 
static friction at the rails is /*, determine the horizontal 
force P, applied perpendicular to the face of the beam, 
which will cause the beam to move. 

From FBD (a), 

+ t FF = 0; N a + N„ -W=0 
^+YMb=0; - /V,(3u) +- W(2a) =0 



Na = -W N b = -W 

Support A can sustain twice as much static frictional force as support 
tì. 


From FBD (b), 

+ f £F = 0; P + F b -F a = 0 

(+îtf, = 0: r<4a) + F,\ (+«) = 0 


4 


Fb = ìP 




K\ W N a P F„ 

(a) Side view (b) Top view 

The frictional ìoad at A is 4 tirnes as great as at B. The beam will 
slip at A first. 

P = t (FaWv = jÌPsNa) = Ans 
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♦8-56. The uniform 6-kg slender rod rests on the top 
center of the 3-kg block. If the coefficients of static 
friction at the points of contact are fi A = 0.4, p. B = 0.6, 
and fx c = 0.3, determine the largest couple moment M 
which can be applied to the rod without causing motion 
of the rod. 


Equations of Equilibrium : From FBD (»), 


-»£íï =0; 

II 

o 

(U 

+ ÎZF, =0; 

N,+F c - 58.86 = 0 

[2] 

+ 1M, =0; 

F c (0.6) +N C (0.8) -A/-58.86(0.3) = 0 

[3] 

FBD (b), 



+ T ZF r = 0; 

N a -N, -29.43 = 0 

[4] 

Ò+ S F x = 0; 

1 

»?! 

II 

O 

(51 

+ 1M 0 = 0; 

F, (0.3) -N, (x) -29.43U) = 0 

[6] 


Friction : Assume slipping occurs at point C»nd the block tips. then 
p c ~ C N C = 0.3N C and x = 0.1 m. Subsútuting these values into Eqs.fl], 
(21, (3]. [4], [5] and [6] and solving, we have 

M= 8.561 N • m » 4.56 N ■ m Ans 

N, = 50.83 N N,= 80.26 N F, m F, = N c = 26.75 N 

Sûice ( F a )- it âA N A = 0.4(80.26) = 32.11 N > F A , die block docs not 
slip. Also. (F,).„ =M,,N, = 0.6(50.83) - 30.50N > F,, then slipping 
does not occur at poinl B. Therefore, Ihe above assumpdon is correct 


,he “ f °™ 

• uniform ™i e ht òf 3 b« íí.h lh ' b “ rd ha ‘ 

of 1S lh nnH 8 J b/ft ’ d the saw horse ha s a weioht 
ot 15 lb and a center of eravitv at r n», ■ e ° nl 

fricU°n are S h„„„ in ,L ( 




0-}n 


0+ 


h 


'iMQ'ZMi H 

F. 



+ = 0; -54(9) + N(10) = 0 

N = 48.6 lb 

T° ouse slippiog of board on saw horse : 

F ì = K„ = 0.5 N = 24.3 lb 
Saw horse: 

To cause sìipping at ground : 

p * = F = F ~= = 0.3(48.6 + 15) = 19.08 Ib 
To cause tipping: 

(. + Z M, = 0; (48.6 + 15)(1) - ^(3) = 0 

P, = 21.2 lb 

■n>us, P x = 19.1 lb Ans 

The saw horse will start to slip. 
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*8-60. The 45-kg disk rests on the surface for which the 
coefficient of static friction is p. A = 0.15. If M = 50 N • m, 
determine the friction force at A. 


- 300 mm —- 

r. ^ 


400 mm 



Bar: 

(,+ £Af c =0; 
Aíf; « 0; 
+ Î£Ç = 0; 

Disk: 

= 0 ; 
+ T £Ç = 0; 
(,+£«•„ = 0; 


0.3) - B m (0.4) + 50 = 0 

B, = C M 

B,=C, 


S0t l.fl 


Oll 


B, = F a 

N Á - B, - 45(9.81) = 0 
S r (0.125) - 5(0.125) = 0 
N a = 512.9 N 
*■i = 71.4 N Ani 

tíi).= = 0.15(51Z9) = 76.93 N > 71.43 N 
No raotioo 0 f dlslc. 


«( î .«!)8 



0 
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8-61. The end C of the two-bar linkage rests on the top 
center of the 50-kg cylinder. If the coefficients of static JotntS: 
friction at C and E are = 0.6 and = 0.3, determine 
the largest vertical force P which can be applied at B » 0; 

without causing motion. Neglect the mass of the bars. 

P 



F cl sìn60° - P = 0 
F c , = 1.1547P 

Since (F c ) m „ = 0.6 P > 1.1547 Pcos60° = 0.5774P 
Bar will not slip at C. 

+ î = 0; N s - 1.1547Pcos30° - 490.5 = 0 
N e = 490.5 + P 

^+TF, =0; F, - 1.1547sin30° = 0 
F e = 0.5774P 

<.+ TMo =0; -490.5(x) - P(x) + 0.5774P(0.2) = 0 

Assumc tipping. 
x = 0.05 m 
P = 375 N 
F e = 216 N 
N e = 865 N 

= 0.3(865) =259 N > 216.5 N (O.KÎ ) 

AtC, 

(0.6)(375) = 225 > 0.577(375) = 216.4 (O.K!) 

Cylinder Ups, 

P = 375 N Ans 



Ft 


Su 


1.15+7P 

o.nrp 

-‘Ho.sn 
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8-62. Determine the minimum applied force P required 
to move we dge A to the right. The spring is compressed 
3 distance of 175 mm. Neglect the weight of A and fl.The 
coefficient of static friction for all contacting surfaces is 
= 0.35. Neglect friction at the rollers. 


Squations of Equilibrium and Friction : Using thespring formuls, 

= ** = 15(0.175) = 2.625 lcN. If the wedge is on the verge of moving to 
the right, then slipping will have to occur at both contact surfaces. Thus, 
f a = 0.35 N, and F, = = 0.35/V,. From FBD (a), 

+ t LF y = 0; N, - 2.625 = 0 N, = 2.625 kN 

Frora FBD (b), 

+ ÎI/T =0; N Á cos 10°-0.35N,sin 10° - 2.625 = 0 
N Á = 2.841 kN 

F . =°; F - 0.35 (2.625) - 0.35 (2.841) cos 10” 

-2.841sin 10” =0 
P = 2 39 lcN Ani 


k= 15 kN/m 







A le-z èz<3K 0 Ì 

| Fg-0 Ì5N, 

ZZj o» 


I \; 


8-63. Determine the largest weight of the wedge that 
can be placed between the 8-lb cylinder and the wall 
without upsetting equilibrium. The coefficient of static 
friction at A and C is m, = 0.5 and at B, M ', = 0.6 


Equatiam of Equilibrium : From FBD (a), 



-+LF; =0; 

N, cos 30” - /> cos 60° - N c = 0 

[1] 

F Sy 

rf 

+ ÎI/ŷ =0; 

(V, sin 30” + F, sin 60” + F c - W = 0 

[2] 



Frora FBD (b), 



61» 

x \ 

+ ÎI/r =0; 

N A -N,sin 30”-/isin 60”-8 = 0 

[31 



1» 

X 

H 

© 

F Á + /^cos 60”-N,cos 30” = 0 

[ 4 ] 


ôifc 

(+IAf o = 0; 

/) (0.5) -/^ (0.5) = 0 

[5] 


"4- 


Fnction : Assume slippuig occun at potnts C and A , then F c = n t N c 
= 0.5 N c and F, = tt.N, = O.SN Á . Substíttiting these values into Eqs.(l), 

[21, [3J, [4!, and (5] and solving, we havc 

W = 66.64 lb = 66.6 lb Ans 

N, = 51.71 lb N Á = 59.71 Ib F, = N c = 29.86 lb 

Smce (F,) m ^ = p.'N, = 0.6(51.71) = 31.03 lb> slipping does not 
occur at point B. Therefore, the above assumption is correct 
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♦8-64. The wedge has a negligible weight and a 
coefficient of static friction = 0.35 with all contacting 
surfaces. Determine the angle 0 so that it is “self-loclcing." 
This requires no slipping for any magnitude of the force 
P applied to the joint. 



Fnction : When the wedgeis on the vergeof slipping, then F = ftN =0.35 N. 
From the force diagram (P is the' locting' force.). 




e 0.3SN 

“ r —= 0 ' 35 


, f-û 35tJ 




8 - 65 . If the spring is compressed 60 mm and the 
coefficient of static friction between the tapered stub S 
and the slider A is fi SA = 0.5, determine the horizontal 
force P needed to move the slider forward. The stub is 
free to move without friction within the fixed collar C. 
The coefficient of static friction between A and surface 
B is n AB - 0.4. Neglect the weights of the slider and stub. 


1—-^-~t 


k = 300 N/m 


+1 ZF, =0; 


+ T ZF =0; 





! I 

A- < • lCbJ 1 

r ■ : r.-- 

—J 


«»30° - 0.SN a sín30° - 300(0.06) = 0 


N a = 29.22 N 


N, - 29.22 cos30° + 0.5(29.22) sin30” = 0 



8.s(. , ').'rí)«r'3o c 

r 


P - 0.4(18) - 29.22 sin30° - 0.5(29.22) cos30”= 0 I ^ 

P = 34.5 N Ans 
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8-66. The coefficient of static friction between wedges 
B and C is /ij = 0.6 and between the surfaces of contact 
B and A and C and D , /i' s = 0.4. If the spring is 
compressed 200 mm when in the position shown, 
determine the smaiiest force P needed to move wedge C 
to the left. Neglect the weight of the wedges. 


Wedgc B : 


k = 500 N/m 



F x = 0 ; 
+ T LF y =0; 


Wedgc C: 

+ TZÇ =0; 


n a, - 0.6W Jc cosI5° - N lc si nl5°= 0 
/V >c cosl5° - 0.6Af Jc sinl5° - 0.4/V,, - 100= 0 
N ìc = 210.4 N 
Nj, = 176.4 N 


ioc*l 


I 



n cd c °s 15° 0.4N CD sínl5° + 0.6(210.4)sinl5° - 210.4cosl5° = 0 


N cd = 197.8 N 


197.8sinl5° + 0.4( 197.8)cos 15° +210.4sinl5° + 0.6(210.4)cosl5° - P = 0 
P = 304 N Ans 


8 - 67 . The coefficient of static friction between the 
wedges B and C is fi s = 0.6 and between the surfaces of 
contact B and A and C and D , fi' s = 0.4. If P = 50 N 
determine the largest a!lowable compression of the spring 
without causing wedge C to move to the left. Neglect the 
weight of the wedges. 


k = 500 N/m 



Wedge C: 
Al/r = 0; 
+ ÎZ^ = 0; 


Wedge B : 

= 0 ; 


+ ÎLÇ = 0; 


(W CD + W, c )sinl5° + (0AN cd + 0.6A/, c )cosl5° -50= 0 
( n cd ~ /Vj c )cosl5° + (-0.4JV CO + 0.6A', C )sin 15 ° = o 
N ,c = 34.61 N 
N cd = 32.53 N 




-50N 


r 1 

Nc+ 

n ab ~ 0.6(34.61)cos 15° - 34.61sinl5°= 0 5001 

0.91*»_^ 

N ÁS = 29.01 N !*• 


01 ( 39 . 11 )« 

39.U« 


34.61cosl5° - 0.6(34.61)sìnl5° - 0.4(29.01) - 500+ = 0 
+ = 0.03290 m = 32.9 mm Arn 
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*8-68. The wedge blocks are used to hold the specimen 
in a tension testing machine. Determine the design angle 
6 of the wedges so that the specimen will not slip 
regardless of the applied load. The coefficients of static 
friction are n-a = 0.1 at A and = 0.6 at B. Neglect the 
weight of the blocks. 



Specìmcn: 

+ îï/ỳ =0; 

Wedge; 

Aïi; = 0; 

+ î£iv = 0; 




N a cosû - O.lA'.sinS - -3. = 0 
0.6 U 


O.lA^cosO + N.sin9 - - = o 
2 


p = 2A r +(0.1cosO + sinfl) 

0.6N a (cosO - O.lsinO) - n a (O.lcosO + sin9) = 0 
0.5cos0 - 1.06sin0 = 0 


F * j -/ 6 

% —N. 


Y ! r 

* -vr* 


0 = ' ( n^> = 253 ° 


Ans 


8-69. ITie beam is adjusted to the horizontal position by 
means of a wedge located at its right support. If the 
coefficient of static friction between the wedge and the 
two surfaces of contact is = 0.25, determine the 
horizontal force P required to push the wedge forward. 
Neglect the weight and size of the wedge and the 
thickness of the beam. 



icolb 


Efuation of Equilibrium and Friction : If ihe w«Jge is on *e verge of 
movmg to the righf *en slippmg will have lo occur a, boih conac. surfaces. 
Thus, F b - h,N b = 0.25N a and F c = n,N c = 0.25A' C . From FBD (a), 


í* 




t__ t—; 


— 

r** 

2ft | 



'+XAf A =0; 
From FBD (b), 

+ ÎXF, =0; 


N, (8) -300(2) =0 N, =75.011 


N c s in 70° - 0.25Af c sin 20° -75.0 = 0 
N c = 87.80 Ib 




Nn 


>ZF, =0; />-0.25(75.0)-0.25(87.80)cos 20" 

-87.80cos 70° = 0 
P - 69.4 lb Ans 
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8-70. If the beam A D is loaded as shown, determine the 
horizontal force P which must be applied to the wedge 
in order to remove it from under the beam. The 
coefficients of static friction at the wedge’s top and 
bottom surfaces are Moi = 0.25 and = 0.35, 
respectively. If P = 0, is the wedge self-locking? Neglect 
the weight and size of the wedge and the thickness of the 
beam. 



EqualioHj of EquiUbrium and Frictian ■ rr.i, 

FBD (a), ' * ‘ ’O-35/lf..Fron, 

(+IM d = 0; N á cqs lO°(7) + 0.25N A sin I 0 ”( 7 ) 

„ - 6.00(2) - 16.0(5) = 0 
Pa = 12.78 kN 

From FBD (b). 

+ TX ^ =0; ~ l 2 ?8sin 80°-0.2J( 12.78) jin 10“ = 0 

= 13.14 kN 

~* ZF ' =0; F+12.78cos 80°-0.25(12.78)cos 10« 

Ans 

a'force f-ÏT “ S f d ‘° SUpP ° rt the upper floor - If 
to ,ÏZ . 80 N ,s appl,ed Perpendicular to the handle 

the column Th SCreW ’ determ,ne the e °mpressive force in 
tne column. rhe square-threaded screw on the iack has a 

~ S,a ,' k »' **. = 0.4. 

Ot 25 mrn, and a lead of 3 mm. 


~C4)Ci)~ (o-O 4C4)‘/t> 0 tuJ 


r Á A0-25t) A 


i ^‘12 73 ^ 

S0'/\ fí =0-2502/3) 

4 — - ^ 

Fg,-o-iç4 t 



M = W(r) tan(*, + e,) 

<P, = tan'(0.4) = 21.80° 

= ‘“Ì^] - 2188 ” 


80(0.5) = W(0.0125) ta*21.80° + 2.188°) 


VV =7.19 kN 


♦8-72. If the force F is removed from the handle of the 
jack in Prob. 8-71, determine if the screw is self-locking. 






t, = tan” l (0.4) = 21.80° 

e ' = “‘"tltîïTB)] = 2,188 ° 


Sincc > 9 p , Scrcw is sdf kx±ing. Ans 
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8-73. The square-threaded screw has a mean diameter 
of 20 mm and a lead of 4 mm. If the weight of the plate 
A is 5 Ib, determine the smallest coefficient of static 
friction between the screw and the plate so that the plate 
does not trave! down the screw when the plate is 
suspended as shown. 



Frictional Forces on Screw : This requuts a 'self-loeldng" serew where 
^ ì e.Here. 9 . tt n-'(±) = Un- 1 [^] = 3.643-. 

4, = tan*')i, 

* tan whcrc - 6 = 3.643° 

= 0.0637 Ant 


8-74. The square threaded screw of the clamn has a 
mean diameter of 14 mm and a lead of 6 mm. If £ =02 

°SN m d re r dS ’ 3nd í, h£ ! ° rqUe apphed to the ha " dle is 
m, determme the compressive force Fon the b!ock 


Frictional Forces on Screw : Here, 6 = “n í-i ì = lan"' f —i-1» 7.768", 

\2itrJ L 2 *(7)J 

W = Fand 4, = un-'q, = tan' 1 (0.2) = 11.310». Applying Eq.8-3, we have 
M = W'rtan( 6 + 0) 

1 .5 = F(0.007) tan (7.768° +11.310°) 

F- 620 N Ans 

Note : Sinee 4, > 6, the screw is self-locking. It will notunscrew even if the mome 
is rcraoved. 
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8-75. The device is used to pull the battery cable 
terminal C from the post of a battery. If the required 
pulling force is 85 Ib, determine the torque M that must 
be applied to the handle on the screw to tighten it. The 
screw has square threads, a mean diameter of 0.2 ìn., a 
lead of 0.08 in., and the coefficient of static friction is /i,’= 


| M 



M = VVrtanííî + ^) 

= 85 (0.1) tan (7.256° + 26.565°) 


Note : Sincc > g, *e SOT w j, self- loctung. It wUl not unscrew evcn if the moment 
ts nemoved. 
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8-76. The automobile jack is subjected to a vertical load 
of F = 8 kN. If a square-threaded screw, having a lead of 
5 mm and a mean diameter of 10 mm, is used in the jack, 
determine the force that must be applied perpendicular 
to the handle to (a) raise the load, and (b) lower the load; 
/x, = 0.2. The supporting plate exerts only vertical forces 
at A and S, and each cross !ink has a total length of 
200 mm. 




Equaíions of Equilìbrium : From FBD (a). 

Ç+1M C = 0; 8(jr) -D y (2x) = 0 D y = 4.00 kN 

From FBD (b), 

Ç+1M Á =0; F,( 2*)-8(x)=0 F,=4.00kN 

From FBD (c), 

Ç+ZM C =0; D x (O.lsin 30°) -4.00(0.2cos 30°) =0 
A = 13-86 lcN 

MembcrDFis a two force member. Analysing thc forces thatact on pinD[FBD (d)], 
we have 

+ Tl/ŷ=0; F DF sm 30°-4.00 = 0 /j,r = 8 -00kN 
-*ZF, =0; F'- 13 86-8.00cos 30° = 0 P' = 20.78 kN 

Frictional Forces on Screw : Here, 0 = lan 1 (V- ì = lan" 1 í —1—"] = 9.043°, 

\2rrrJ [2rt(5)J 

W = P' = 20.78 kN, M = 0.4P and <t, = lan'V, = tan"'(0.2) = 11.310°. Applying 
Eq.8-3 if the jack is raising the load, wehave 



f' 



X 

x ] 



ÔFM 

[_/ 


.I 

X. 

X 


0 ' / 

h 


M = Wrun(8+ $) 

0.4F = 20.78(0.005) tan(9.043°+ 11.310°) 

P = 0.09638 kN = 96.4 N Ans 

Applying Eq.8-5 if thejack is lowering the load, we have 

M" = Wrtan(p - 8) 

0 4 P = 20.78(0.005) tan(11.310° - 9.043°) 

P = 0.01028 kN = 10.3 N Ans 

Note ; Since ỳ, > 8, the screw is self-locldng. It will not unscrew even if force P 
is reraoved. 


\fc4-OKH 


j07C2’J3e , /r) 'O’ICsíio'm 1 


Î/-J-4--0 kfi 


T" 2*- 
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f° rce on the board A if 

7=Tn „ ™ ? c amp is tightened with a tw<st °f 

Z A- T 16 S,ng 6 ^“«-threaded screw has a 
SÍTt" 035 ° f ^ ^ COeffiC,ent 


bêlô Nte reqU ' red clam P'ng force at the board A is to 

T: hat must be apphed £ 

square-threaded screw has a ° lghten 11 d ° Wn The Sln « le 

of3 mm ,a„dthe^S““ 

M 




#, = laif‘(0.35) = 1929 . 

e r = tanf'f—-— 1-2 7 U° 
l2n(l0)J ~ 1734 

M = H'(r)tan«>, + 6p ) 

8 = íXO.Ol) tan( 19.29°+ 2 . 734 ») 

P = 1978 N = 198 kS Á 


t, = tan (0.35) = 19.29° 

„ . -i. p . _,r 


0 r = tan" 1 ^-—) = tan 'í —-— 1 = 2734° 

2*r \_2n( 10) J * 

M = W(r)lar(<p t + 0 p ) 

= 50(0.01) tan( 19.29°+ 2.734°) =0.202 N m 


*;?' î““ h *’ * «l»«><Mlire.d C d screw With , lcad 

-h T„”« ‘,c me, ”h °' 15 ” m - « ™ »n„’ í 

eglect friction of the bearings located at A and B. 


¥/*■ MN 

C 30 mnt/ 


Fr, Forc „ on ScrfH , . ^ e=un .iMl an - 1 C_J__]_ 

^« = 7N. ra » d , = a „- V —-,02)7,1«. [2 * (15)J " 

we havc (° 2) = 11.310°. Applying Eq.8-3. 


M = Wrtan(ff+^) 

7 = í'(0.015)tar(4.852°+ 11.310°) 
F= 1610.29 N 


Not* : Since tp, > 9, tlie Scre w is self-locldng. It w il 
is rcmoved. 

Equalions of Equilibrium : 


will not unscrew even if force F 


+ EM q — 0 ; 1610 . 29 (tyv 3 ) _ ^ _ q 

M = Ans 


ç =l(o/OZ 9 rJ 
I fOOim 
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*8-su. rne brakingTriechanism consists of two pinned 

arms and a square-threaded screw with left and right- 

hand threads.Thus when turned, the screw draws the two 

arms together. If the lead of the screw is 4 mm, the mean 

diameter 12 mm, and the coefficient of static friction is 

/j= 0.35, determine the tension in the screw when a 

torque of 5 N ■ m is applied to tighten the screw. If the 

coefficient of static friction between the brake pads A and 

B and the circular shaft is /j', = 0.5, determine the 

maximum torque M the brake can resist. 



Frictionaì Forces on Screw : Here, 0 = an~' [—j = tan ^2n(6)] = 60!7 °' 

M = 5 N • m and = an~‘ ft, = an*'(0.35) = 19.290°. Since frictìon at two scrcws 
must be overcome, then, W = 2P. Applying Eq.8 - 3, we have 


M= Wnan(0+ŷ) 

5 = 2/>(0.006) ian(6.057°+ 19.290°) 

P = 879.61 N = 880 N Aiu 

Note : Sincc Q, > 6, the screw is self * locldng. It will not unscTew even if raoinent 
M is removed. 

Equations of Equilibrium and Friction : Since the shaft is on Ihe verge to rotate 
about point O, then, F Á = fi/N A = 0.5 N Á and F, = n.’N, = 0.5(9, . From FBD (a), 

Ç+ ÏM 0 = 0; 879.61 (0.6) - N, (0.3) =0 N, = 1759.22 N 

Frora FBD (b), 

f + TM 0 = 0; 2 [0.5 (1759.22)] (0.2) - M = 0 M= 352N-ra Ans 






IÇ‘0-5 (r^ Z/ \ l) 
, X A 


8 - 81 . The fixture clamp consist of a square-threaded 
screw having a coefficient of static friction of /x* — 0.3, 
mean diameter of 3 mm, and a lead of 1 mm. The five 
points indicated are pin connections. Determine the 
clamping force at the smooth blocks D and E when a 
torque of M = 0.08 N • m is applied to the handle of the 
screw 

Frictional Forces on Screw : Hcre, $ = tan 1 = i 5 ) j 

=* 6.057°, W = P, M * 0.08 N raand 0, = ttn‘V, = (0.3) = 16.699°. 

Applying Eq. 8 - 3. we have 

M= IVrtanífl+ŷ) 

0.08 = />(0.0015) tan(6.057°+ 16.699°) 

/>= 127.15 N 

Note : Since 9, > 8, the scrcw is self-locting. It will not unscrcw even if 
morocnt M is rcmoved. 

Equaiion of Equilibrium : 

Ç+lMc =0; 127.15cos45°(40) —F £ cos45°(40)-F £ sin45°(30) =0 

* F c = 72.65 N = 72.7 N Ans 

The equilibriura of damped bloclt rcquircs that 

F„ = F C = 72.7 N Ans 


\*y b 

ÉaK«ïoV 



\ 

íd v' 

tgl 


1 


\\ i 


'ì;- 

■F 


c j 




of 

nm-- 

T-40 mm-- 


M = 0.08 N m 



P = 127-15/1 
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8-82. The clamp provides pressure from several 
directions on the edges of the board. If the square-threaded 
screw has a lead of 3 mm, radius of 10 mm, and the 
coefficient of static friction is /j. s = 0.4, determine the 
horizontal force developed on the board at A and the 
vertical forces developed at B and C if a torque of 
M = 1.5 N • m is applied to the handle to tighten it further. 
The blocks at B and C are pin-connected to the board. 



4, = tan _1 (0.4) = 21.801° 



M = W(r) tan(^, + $ p ) 

1.5 > /4,(0.01)im(21.8O1° + 2.734°) 

A . = 328.6 N Ans 

= 0; 328.6 - 2T cos45° = 0 

T = 232.36 N 

B y ~ T-y ~ 232.36»in45° = 164 N 
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8-83. A turnbuckle, simìlar to that shown in Fig. 8-18, is 
used to tension member AB of the truss. The eoefficient of 
the static friction between the square threaded screws and 
the turnbuclde is )i s = 0.5. The screws have a mean radius 
of 6 mm and a lead of 3 mm. If a torque of M = 10 N ■ m 
is applied to the tumbuckle, to draw the screws closer 
together, determine the force in each member of the truss. 
No extemal forces act on the truss. 



Frictiunal Forces on Scre w: Hcre, 0 = tan 1 ( -— ( — tan 1 j — 1 

\2 Ttr ) L 2jt(6ì J 

— 4.550°. M = 5 N - m and 0, = tan“' u , = tan -t (0.5) = 26.565°. 
Since frìcdon at two screws must bc overcomc, then, W — 2 F AB . 
Apptying Kq. 8-3, wc have 

M — \Vr tan(6 -t- 0) 

10 = 2f'a«t0.006)tan(4.550° + 26.565°) 

F.,s = 1380.62 N (T) = 1.38 kN(T) Ans 

Note: Since 0, > i), the screw is self-locking. It will not unscretv 
cven if momcnt M is removed. 

Mcthod of Joints: 

Joint tì 


»E F, = 0; 1380.62 




F hii = 828.37 N(C) = 828 N (C) Ans 
Fur - 1380.62 ì = 0 


+ f£F,=0; F ec - 1380.62 (J) =0 

F„ c = 1104.50 N (C) = 1.10 kN (C) Ans 


Joint A 

E F,= 0; F m - 1380.62 ( 3 ) = 0 

Ffíc ~ 828.37 N (C) = 828 N (C) Ans 
flf,=0; 1380.62 Qì-F. 1D = 0 


Fm, = 1104.50 N (C) = 1.10 kN (C) Ans 

Joint C 

-+ E F,= 0; F cd ( ^ - 828 - 17 = 0 

F cd = 1380.62 N (T) = 1.38 kN (T) 

+ t E F y = 0; C, + 1380.62 ^) - 1 104 - 5{) = 0 

Cv = 0 (A '0 external applied load. check\) 


B 

fao 



Fsc 

Fab= i: 

F ab = 1380.62 N 

f ad 

Fac 

A 

F bc = 1104.50 N 


C‘ 

^ C =« 

Cy 
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,us^n Ì9( i^ Wé co ffii|ar ^ (hat shQwn , n 

■s useci to tension member ABoí the truss.7he coeffident’ 
of the stntic friction between the square-threaded screws 
and the turnbuckle is = 0.5. The screws have a mean 
rad.us of 6 mm and a lead of 3 mm. Determine the torque 
M which must be apphed to the turnbuclde to draw!he 

TONis r r . t08 !! her ’ S ° ‘ hat thC com P ress ' ve force of 
MX) N is developed in member BC. 



Method of Joints : 


+ ÎZF, =0; 500-F AJ ^j = 0 F Át = 625 N (C) 

Frictional Forces on Screws : Herc. 6 = tan^í—1 = tan^'í—-—1 

yiitr) [2n(6) J 

= 4.550°, W=5N-ra and = tan ~ l pi t = tan" 1 (0.5) = 26.565°. Since frictìon at 

two screws raust be overcome, then, W = 2F AB = 2(625) = 1250 N. Applying 
Eq. 8 - 3, we have 

M = Wnai\(6+<p) 

= 1250(0.006) tan(4.550° +26.565°) 

= 4.53N-ra Ana 

Note : Since > 6, the scrcw is self - loclring. It will not unscrcw even if 
.tanment M is reraoved. 


B \. Sp 


fyc -Çaor^ 


8-85. A “hawser" is wrapped around a fixed “capstan" 
to sccure a ship for docking. If the tension in the rope 
caused by the ship, is 1500 Ib, determine the least number 
of complete turns the rope must be rapped around the 
capstan m order to prevent slipping of the rope. The 
greatest horizontal force that a longshoreman can exert 
on the rope is 50 Ib. The coefficient of static friction is 
M, = 0.3. 



Frictionat Force on Flat Belt • H-r. r 
Eq. 8-6.weh.ve = 50 lb “ d r 2 = 1500 Ib. 


Applymg 


1500 = 50e°' 3 ^ 

0 = 11.337 rad 

The least number 0 f fc ms of ^ .. >»-337 

^ -1-80 turni. Thus 

Use n~2 tums * — 
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».usîfeft^Htìria'tífôgpte(M T ’ ass of - 3 - 4 M s- is t0 be 

lowered down the slope by a rope that is wrapped around 
a tree. If the wheels are free to roll and the man at A can 
resist a pull of 300 N. determine the minimum number of 
turns the rope should be wrapped around the tree to 
lower the truck at a constant speed. The coefficient of 
kinetic friction between the tree and rope is \x k = 0.3. 


*XF x = 0; 



T i ~ 33 354 s/n20° = 
T i = 11 407.7 


T i = T, t“ l 


H 407.7 = 300 í 03 '» 
P = 12 1275 rad 

Appnox. 2 tuniï ( 695 °) 


33,554n 

m'-M 


8-87. Determine thc maximum and the minimum values 
of weight W which may be applied without causing the 
50-lb bkKk to slip. Ihe coefficient of static friction between 
the block and the plane is /a, = 0.2. and between the rope 
and thc drum O p.\ = 0.3. 


Bdíï'ì-." ;ï 




Equations of Equilibrium and Friction : Since thc block is on thc verge of 
sbding up or down thc planc, thcn, F-^i t N = 0.2N . If the block is on thc verge 
of sliding up thc plane [FBD (a)], 

\+ZFy = 0; N - 50cos 45° = 0 N = 35.36 lb 

+ t ’LF,-=0\ T, -0.2(35.36) - 50sin 45° = 0 T, = 42.43 lb 

If the block is on the verge of sliding down the plane[ FBD (b)J, 

\+XF r .=0-. N - 50cos 45° = 0 /V = 35.36 1b 

ÏF r =0; T 2 +0.2(35.36) -50sin 45° = 0 T 2 = 28.28 lb 

Frictional Force on Flat Belt: Here, p = 45° + 90° = 135° = — rad. 

4 

If the block is on the verge of slíding up the plane, T t = 42.43 lb and T 2 = W. 
Ti=T % e“ s 

t4' = 42.43e < ” ( “ ) 

= 86.02 lb = 86.0 Ib Ans 

If the òiock is on the verge of sliding down the plane, 7j = W and T 2 = 28.28 Ib. 


28.28 = We° 


W= 13.95 lb= 13.9 Ib 


50 ib T, 



’fcO-Z d 


50* 



/J 
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8-88. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe 
Determine the smallest vertical force F needed to support 
the load if the cord passes (a) once over the pipe, /3 = 
^80°, and (b) two times over the pipe, /3 = 540°.Take n, = 


Frictional Forc, on Flal Btlt: Here, 7) = F and 7) = 250(9.81) - 2452.5 N 
ApplyingEq. 8-6, we have 


a) U0 = 180° = <rrad 


b) If /3 = 540° = rad 


2452.5 = Fc ° 2 ‘ 

F= 1308.38 N= 1.31 kN 


T t =W 

2452.5 = F'° u,r> 

F= 372.38 N = 372 N 



Determine the largest vertical foree F ih»t u ^ 
the pipe, H = 540°. Take M , = 0 .2. tW ° t,meS 0Ver 



Frictional Force on Flat Belt: Herc. 7J = 250(9.81) = 2452.5 N and T, = F. 
Applying Eq. 8 — 6, we have 2 

a) up= 180 ° = r rad 


b) If/3 = 540° = 3«rad 


F= 2452.5e oz ' 

F= 4597.10 N = 4.60 kN 

Ti =T t e" 1 
T= 2452.5e“ 2(, * , 


F = 15152.32 N= 16.2 kN 
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♦8-90. The boat has a vveight of 500 Ib and is held in 
position off the side of a ship by the spars at A and B. A 
man having a vveight of 130 Ib gets in the boat, vvraps a 
r°Pe around an overhead boom at C, and ties it to the 
end of the boat as shovvn. If the boat is disconnected from 
the spars, determine the minimum number of half turns 
the rope must make around the boom so that the boat 
can be safely lovvered into the vvater at constant velocity. 
Also, vvhat is the normal force betvveen the boat and the 
man? The coefficient of lcinetic friction betvveen the rope 
and the boom is fi, = 0.15. Hinv. The problem requires 
that the normal force betvveen the man's feet and the boat 
be as small as possible. 


500= 130r° l5í 

P — 8.980 rad 

The leasi number of half mmj of ihe rope required is _ 2 g g ^ 

llse n = 3 half tums Ans 

Equations of Equilibrium : Froni FBD (a), 

+ ÎZ/ > = 0; *-*>. -500 = 0 r 2 = AT. + 500 

From FBD (b), 

+ = 0 ; 7 ; +1V.-130 = 0 7; = 130-/V. 

Frictionaí Force on Flul Belts ■ Hrrr R -1 

■ crc. P - 3n rad. Applyîng Eq. 8-6, we have 

N m +5CO = (m-N m )e 0 ' >,, *> 

_Ar_ = 6.74 Ib . 





8-91. Determine the smallest lever force P needed to 
prevent the vvheel from rotating if it is subjected to a 
torque of M = 250 N ■ m. The coefficient of static friction 
between the belt and the wheel is /x s = 0.3. The wheel is 
pin-connected at its center, B. 


^^400 mm 


^8^]—r 

J ^ 200 mm 


t 

= 0; 

~F\200) + /X950) = 0 

Q-' 

) mm 


F = 4.75 P 

■1 t f 


T 2 = T x e ** 

J_ ~f 


F' = 4.75 P e 


{+ZM b = o. 


-19.53 P (0.4) + 250 + 4.75P(0.4) = 0 
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hfln 1 7. T r éterm,ne ‘he torque M that can be resisted by the 
bHnd brake ìf a force nf P — \i , * 

of the lever n ! " - 30 N is applied to the handle 

hei i I ™ coefficlent oí static friction between the , 

belt and the wheel is u = 0 'f The m.i,- i ■ - 0; 

at its center, B. h eel .s p.n-connected 



Utm, = 0; 


-F(200) + 30(950) = 0 
F = 142.5 N 

T i = T, 

F' - 142-5 = 585.8 N 

-585.8(0.4) + 142.5(0.4) + M = 0 
«=177N. m AnJ 



8 93. Blocks A and B wei£h S0 lb anH 


U0°'2- Mba = 0.6 


For block4 and B : Assuming b!ockí doos not ,Up 
+ T ^=0; N c -(50 + 30)=0 N c =801b 


+ T tT v - 0 ; N,co S 20» + F, si n20"-30 = 0 [Jj 

-►^=0; F,cos20”-N,sin20"-32 = 0 (2) 

Solving Eqs.fi ] and [2] yields : 

Fi - 40.32 lb N B = 17.25 Ib 

Since 7 j = 40.32 Ib > ]ìN, =06(17 25) = 103 SI+ .• 
be(weend andj Tberefon. ih, . 35 N>. slipping does occur 

' ' ncref ° r '. 0>« assumption is no good 

Smce slipping occurs, F„ = 0.6 iV, 

+ T ^,=0; N,cos20" + 0.6N, sin20°-30 = 0 N,= 26.2016 

0.6(26 20) cos20»-26.20sin 20 «-r .=0 r,=5.gl21b 

T* Where Tl = W D , T, = T, = 5.812 Ib, 0 = 0.5>r rad 
W D = 5.812e° ! < 0 5 « 

= 12.7 Ib 


(soii’Jlí 


lì 





MT~Ì 

i“4C = 

-HJ?= 0; 

0.4(80)-r, =0 

T, = 32 Ib 

Ui 


For block 5 . 
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8-94. Bloeks A, B ;ind D weigh 75 lb and 30 Ib. 
respectively. Using the coeffìcients of static friction 
indicated, determine the frictional force between blocks 
A and B and between block A and the floor C. 



For the mpe, 7. — , where T 2 = 30 Ib. T\ — Tb, and fi - 

0.5jt rad. 


T b = 13.678 lb 


-f t E F y — 0; Nb cos 20° + F B sin 20° - 75 = 0 (1| 

-i EF, = 0; F« cos 20° - sin 20" - 13.678 = 0 (2| 

Solving Eqs. f 11 and \2 ] yields: 

N b = 65.8 lb 

F b = 38.5 Ib Ans 

Since = 38.5 lb < nN B = 0.6(65.8) = 39.5 Ib, slipping between 
A ajid B does not occur. 
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www«^in™i^lp 8f< p ? t,g R m a| relationshjp be[ween (he 

btlt tensions, the coefficient of friction /x, and the angular 
contacts a and /3 for the V-belt is T 2 = T ie * i(3/sin{n/2 \ 



ï 

r 


F B.D of a scction of the bdt is shown. 

Proeeeding m the general manner : 

ZF -=0-. -(T+dDcoi— + T cojy + 2í/F 3 0 

-(T+ctnsiaj - Tm~ + 2<iYjinf - 0 
* 2 2 

Replxx sin~ by — 

2 2 ' 


dB 

coiy by 1, 



dF = ndN 


V ** «. «d «7X*, - 0 . Ihe above rclanon, become 

<tr = 2ndN 

Tde = 2^dNsinjj 

Combine — = u 

r sinf 


Integria: from 6 = 0, T = 7 ; 

» » = Â r - r 2 

« get, 

5 = 7; i=r) 


QXD 
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*8-96. The smooth beam is being hoisted using a rope 
vvhich is wrapped around the beam and passes through a 
ring at A as shown. If the end of the rope is subjected to 
a tension T and the coefficient of static friction between 
the rope and ring is /x, = 0.3, determine the angle of 0 for 
equilibrium. 


Equation of Equilibrium : 


+ Ti/î» 0 ; r-2rcos-»o r=2rcos- 
2 2 


FrictionaJ Force on Flat Belt: Here, /} = f, T 2 = rand T { = T. 


Applying Eq. 8 - 6 r 2 = 7; e“ ? , we have 



r= T'e 01<an) = 7V' I5S 


SubsdQjóng Eqs.[l] into [2] yields 


■2rcos- = rV 139 

2 

jus* 0 
e - 2cos - 
2 


Solving by trial and error 



0 = 1.73104 rad = 99.2° 


. 8-97. The 20-kg motor has a center of gravity at G and 
is pin-connected at C to maintain a tension in the drive 
belt. Determine the smallest counterclockwise twist or 
torque M that must be supplied by the motor to turn the 
disk B if wheel A locks and causes the belt to slip over 
the disk. No slipping occurs at A.The coefficient of static 
friction between the belt and the disk is /x s = 0 3 


Equations o/ Equilibrium : Frora FBD (a), 

(+2M C = 0; T 2 (100) + 7] (200) - 196.2(100) =0 
From FBD (b), 

(+2Af o =0; W + 7] (0.05) - 7] (0.05) = 0 

Frictional Force on Flat Belt: Hcre, /î = 180° = rr nad. Applying 
Eq. 8 - 6, T 2 = 7] e“ f , we have 


T 2 = 7] e°' 3 *= 2.5667, 


Solving Eqs.flJ, [2] and (3] yieids 


M = 3.37 N ■ ra 

7] = 42.97 N T z = 110.27 N 


100 mm 


zom<)--i%uì 
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*8-100. The uniform concrete pipe has a weight of 800 Ib 
and is unloaded slowly from the truck bed using the rope 
and skids shown. If the coefficient of kinetic friction between 
the rope and pipe is fi k = 0.3, determine the force the worker 
must exert on the rope to lower the pipe at constant speed. 
There is a pulley at B, and the pipe does not slip on the skids. 
The lower portíon of the rope is parallel to the skids. 




V + 2M* = 0; - 800(r sin30°) + 7^ cos 15°(r cosl5 ô + r cos30°) + 7^ sin 15°(r sin 15° + r sinl5°) : 


7, = 203.466 Ib 


p = 180° + 15°= 195° 


r 2 = T x e up , 203.466 = 7îí (t 
Tj = 73.3 lb Ans 




8-101. A cord having a weight of 0.5 lb/ft and a total 
length of 10 ft is suspended over a peg P as shown. If 
the coefficient of static friction between the peg and 
cord is m s = 0.5, determine the longest length h which 
°ne S'de of the suspended cord can have without 
causing motion. Neglect the size of the peg and the 
length of cord draped over it. 


r 2 • T x €** Wherc T 2 =0.5/1, T, = 0.5(10- h), P=n rad 


0.5/z = 0.5(10-/i)e° 


Tto 

1 i 
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8-102. A conveyer belt is used to transfer granuiar 
material and the frictional resistance on the top of the belt 
is F = N. Determine the smallest stretch of the spring 
attached to the moveable axle of the idle pulley B so that 
the belt does not slip at the drive pulley A when the torque 
M is applied. What minimum torque M is required to keep 
the helt moving? The coefficient of static friction between 
the belt and the wheel at A is /i s . = 0.2. 



4 kN/m 


Fricional Forc' on FUu Belt: Herc, /»„ 180» = rr rad and Tj = 500+ T 
and 7; = 7. Applymg Eq. 8-6. , wehavc 

T 2=T, t“ P 
500 + T^Tt 01 " 

T* 571.78 N 

Equations of Equilibrium : From FBD (a), 

Ç+ZM 0 = 0: 8í+571.78(0.1)-(500+578.1)(0.1) = 0 

M = 50.0 N m 



Am 


From FBD (b), 

^1^=0; F„ -2(578.71) =0 /•„ = 1143.57 N 

Thu5, the spring stretch is 


T~$7/-7Qti 


r _ F „ _ 1143.57 

b 40 oo ~ d.2859 m = 286 mm Ans 
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8-103. Blocks A and B have a mass of 7 kg and 10 kg, 
respectively. Using the coefficients of static friction 
indicated, determine the largest vertical force P which can 
be applied to the cord without causing motion. 



‘ I «.- 




í» c =0.4 




Frictionai Forces on Flat Belts : When the cord p*ss over peg D, 

P * 180° a jrnd and T 2 = P . Applying Eq. 8-6, T 2 = 7; c** , we h*ve 


P=7|< 01 * 7j = 0.7304/* 


When ihecord pass over pegC, p = 90° = — ná má T' = T, = 0.73047’ 

2 

. Applying Eq. 8-6, T 2 ' = 7] 'e“ f , we have 

0.7304/>=7;'e 04, *' 2) 7J' = 0.38977» 

Equationt of Equilibrium : From FBD (b), 


+ ÎIÇ =0; 

N, -98.1=0 N B =98.1 N 


-+ EF m =0; 

F,-T = 0 

[1] 

+ 1M 0 = 0; 

7(0.4) - 98. 1(jc) = 0 

[2] 

b). 



+ T ZF y = 0; 

N Á - 98.1 - 68.67 = 0 N t = 166.77 N 


-+ ZF, = 0; 

0.3897/»-F s -F t =0 

[3] 


Friction : Assuming the block B is on die verge of Opping, Ihen t = 0.15 ra. A1 
for modon lo occur, bloclc A will have slip. Hence, F t = (U, ) A n a 
- 0-3( 166.77) = 50.031 N. Subsdtudng Ihese values into Eqs.[l|, [2] and [3] 
and solving yields 

/>=222.81 N = 223 N Ans 

F a = T= 36.79 N 

SmcetF,).., =()J,) S N S = 0.4(98.1) = 39.24 N >F S , bloclc B does not 
siip but tips.Therefore, the above assumpdon is correcL 


0 /5" 10(960 "901^ 
~h .1 


I .l(96Q-í6'b7Al 


f, *0-ÌWip 
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8-104. M The bett oti (ne portable dryer wraps around the 

drum D, idler pulley A, and motor pulley B. If the motor 
can develop a maximum torque of M = 0.80 N • m, 
determine the smailest spring tension required to hold 
the belt from slipping. The coefficient of static friction 
between the beit and the drum and motor pulley is 
= 0.3. 



R W U f S 3 mass of 50 k e and rests on surface 
° r Wh ' C u h * = 0-M. If the coefficient of static friction 
between the cord and the fixed peg at C is u' = 0 3 

SZ ne ,he greatCSt maSS ° f ,he sus P en ded cylinder D 
without caustng motion. 


Block A : 

Assume block A sUpj and do« not np. 


+ T ZF, = 0: N, + | T - 50 (9.81) » 0 


=0; 0.25 ? T = 0 

iV, = 413.1 N 
T = 129.1 N 





&M, = 0 ; 


*5°(9.81)jt + - (129.1) (03) - j (129.0(0125 - x) - 0 


Pe«: 


Ti » T,e^, 
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II the niass of Ihe suspended cylindír /JJs tíí dèqèrmine 
he smallest mass of hl<vk ,1 so thal it does not slin or 

.hc fiXïï? ion ,hc ™ úand 


-o£F = 0; 


r 2 = r, 


4(9.81) = 7> u 


T = 20.19 N 


/r - -(20.19) = 0 


F. = 16.152 N 


O.tiro-Vs W 

Ù-J 

ZO.I^aJ r j 





For slipping, 


(F A )max = 0.25 (N a ); 16.152 N = 0.25<tf x ) 


■ î ÏF y =0; 


N a + -(20.19) - VV = 0 


N Á =64.61 N, VV =76.72 N 


For tipping, x = 0.125 m 


+ TM b = 0; - W(0.125 m) + -(20.19) (0.3) = 0 


VV' = 38.8 N 


76.72 N 

m = 9^r^ = 7 - 82kg Ans 


8-107. The collar bearing uniformly supports an axial 
force of P = 500 Ib. If the coefficient of static friction is 
= 0.3, determine the torque M required to overcome 
friction. 



Btarirtg Frictìon : Apptyíng Eq. 8-7 witti = 1.5 in., /t, = 1 in., fi, =0.3 
and P = 500 lb, we have 


3 U 2 -«> 2 J 

2 (1.5 S —l’3 

=3 (a3)(500) h^ïïJ 

= 190 lbin= 15.8 lbft 
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*8-108. The collar bearing uniformly supports an axial 
force of P = 500 Ib. If a torque of M = 3 Ib • ft is applied 
to the shaft and causes it to rotate at constant velocity, 
determine the coefficient of kinetic friction at the surface 
of contact. 


Btaring FrUtion Applyuig Eq. 8-7*^^ = 1.5 u>„ «, = 1 in„ Aí=3(12) 
= 36 !b in and P = 500 Ib, we have 


rèm 


=s.) 


-Mr 

3 6 =3(, t )( 5 °o)(l£il!] 


/i* = 0.0568 



Ans 


8-109. fhe disk clutch is used in standard transmissions 
of automobtles. If four springs are used to force the two 
plates A and B together, determine the force in each 
spring required to transmit a moment of M - 600 Ib • ft 
across the plates.The coefficient of static friction between 
A and B is n, = 0.3. 



Btaring Friction : Applying Eq. 8-7 with = 5 in„ R, =2in„ M = 600(12) 
= 7200 Ib • in, n t = 0.3 and P — 4 F t , we have 


«=U^| 

3 te-*?J 

7200=?(0.3)(4^)(glg] 
F Mp = 1615.38 lb = 1.62 kip 


Ans 
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8-110. The annular ring bearing is subjected to a thrust 
of 800 lb. If ix s = 0.35, delerntine the torque M that must 
be applied to overcome friction. 




= W0.35)(800)[^-1!] 

3 L(2) 2 - PJ 


= 435.6 lb-in. 

M - 36.3 Ib ft Ans 


8-111. The floor-polishing machine rotates at a constant 
angular velocity. [f it has a weight of 80 Ib. determine the 
couple forces F the operator must apply to the handles 
to hold the machine stationary. The coefficient of kinetic 
friction between the floor and brush is fi k = 0.3. Assume 
the brush exerts a uniform pressure on the floor. 



*8-112. The plate clutch consists of a flat plate A that 
shdes over the rotating shaft 5. The shaft is fïxed to the 
dnvmg plate gear B. If the gear C, which is in mesh with 
B is subjected to a torque of M = 0.8 N • m, determine 
t e smallest force P, that must be applied via the control 
arm, to stop the rotation. The coefficient of static friction 
between the plates A and D is Ms = 0.4. Assume the 
bearing pressure between A and D to be uniform 



2 

M = ~M P R 

2 f 

At.5) = -(0.3)(80)(i) 


F = 


ma> A M 

to.i 



p 



f. 
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8-113. A tube has a total weight of 200 Ib, length / = 

8 ft, and radius = 0.75 ft. If it rests in sand for which the 
coefficient of static friction it is /x, = 0.23, determine the 
torque M needed to turn it. Assume that the pressure 
distribution along the length of the tube is defined by 
P ~ Pn sin 0. For the solution it is necessary to determine 
Pi i. the peak pressure, in terms of the weight and tube 
dimensions. 

Equalon, of Equilibrium and Friclion : H«, dN = plrdB = p.lnm 8d6 
Srncc the tube u on the verge of sUpping. dF~n t dN= PoM ,ínm Sd8. 

+ ÎI/J=0; 2j r <M'sin Ô-tV'sO 
0 

if’potein 2 8d8=W 
0 

f’ofrf r (l-cos 28)d8= W 



/>=/)„ sinO 


Substitutmg Eq.(l) into [2] yiekts 


Ç+IM 0 =Q-, 2f’dF(r)-M = 0 

0 

M ~ 2 J T Po(/A 2 sin 8d8 = 2p 0 p,lr 2 


However, IV = 200 Ib, p, = 0.23 and r= 0.75 ft, then 


4(200) (0.23) (0.75) 

M = -- 43.9 )b ft 
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8-114. Because of wearing at the edges, the pivot 
beanng ,s subjected to a comcal pressure distribution at 
ìts surface of contact. Determine the torque M required 

t0 ° Ver , C f 0me fricti0 " and turn the shaft, which su^ports 
an axial force P.The coefficient of static friction is ^ For 
the solution, it is necessary to determine the peak 
pressure p 0 ln terms of P and the bearing radius R 



dM * rdF = rfidN « rppdA * rpp(rdOdr) 
M - /<ttí - - jr)Sdr\ 2 "dO 


K 3 


P = jpdA = J' (P. - irir J 2 'á0 


= | p .* 2 


M = -pPR An» 
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8-115. The pívot bearing is subjected to a pressure 
distribution at its surface of contact which varies as 
shown. If the coefficient of static friction is /j, determine 
the torque M required to overcome friction if the shaft 
supports an axiat force P. 


dF = fidN = n p 0 cos(—) dA 



- P = Po COS- 


*8-116. The tractor is used to push the 1500-lb pipe.To 
do this it must overcome the frictional forces at the 
ground, caused by sand. Assuming that the sand exerts a 
pressure on the bottom of the pipe as shown, and the 
coefficient of static friction between the pipe and the sand 
is = 0.3, determine the force required to push the pipe 
forward. Also, determine the peak pressure pç. 



p=p 0 cose 



M = / rpp 0 cos(~)rdrd6 
á 2R 

= PPoj (r 2 cos (j^)dr)f 1 ’dB 

o 2 a o 


-?>•-=] 

= 0.7577 fi PoR 1 

P = J dN = / p a ( cos (~)rdrf 2 ’de 
* o 2R o 

= 4p,R 2 (l - -) 




N=tf 


= I -454p 0 R 1 


M = 0.521 PpR 

Ans 

+ tXF y = 0; 

2,P, 

0 


2 Polrj’ 


cos 9d6 = W 


2 p 0 rl (~8 + fsiale )^ 7 = W 


2 (/> 0 ) rl(-) = w 
4 


2/> 0 (15)(12)(12)(í) = 1500 
4 


Po - 0.442 psi Ans 

Çn/2 

= ~n/2 (0 ' 3)(0 * 44 2 lb/m 2 )( 12 ft)(12 m./ft)(15 m.) 

F— 573 Ib Ans 



9 Ar-pris- 


w _ 


542 





www.usacingenieria.blogspot.com 

8-117. A 200-mm diameter post is driven 3 m into sand 
for which /x, = 0.3. If the normal pressure acting 
completely around the post varies linearly with depth as 
shown, determine the frictional torque M that must be 
overcome to rotate the post. 


cfr~M 




Equations of Equilibrium and Friction : The resuluni nomul foroe oo 
thepostis# = ^(600 + 0)(3)(>r)(0.2) = 180» N. Sinee the post is on the 
verge of rotanng, F— p,N = 0.3( 180rr) = 54.0 ít N. 

Ç+ÏMd =0; M-54.0*(0.t)=0 

M=17.0N m Ans 


/f~^ 




8-118. A pulley having a diameter of 80 mm and mass 
of 1.25 kg is supported loosely on a shaft having a 
diameter of 20 mm. Determine the torque M that must 
be applied to the pulley to cause it to rotate with constant 
motion. The coefficient of kinetic friction between the 
shaft and pulley is p k = 0.4. Also calculate the angle 0 
which the normal force at the point of contact makes with 
the horizontal.The shaft itself cannot rotate. 


/ . 






Frictlonal Forct on Journal Bcaring : Here, = un'Vt “ Uh* 0.4 
= 21.80°. Thcn thc radius of frictíon circlc is r f * nin + k = O.Olsin 21.80° 

= 3.714( 10 -1 ) m. The anglc for which thc normal forcc makes with horízontal 
is 

0 = 90°-** =68.2° Ans 

Equations of Equilibrium : 


H5(no-izzLzspi 





+ T ZF, = 0; R - 12.2625 = 0 R = 12.2625 N 

Ç+IM o =0; 12.2625 (3.714) ( 10‘ ! )-M=0 

M = 0.0455 N ■ m 


/h l 
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8-T19. The puiley nas a radius of 3 in. and fits loosely 
on the 0.5-in.-diameter shaft. If the Ioadings acting on the 
belt cause the pulley to rotate with constant angular 
velocity, determine the frictional force between the shaft 
and the pulley and compute the coefficient of lcinetic 
friction. The pulley weighs 18 Ib. 



+ ÎXÇ = 0; R - 18 - 10.5 = 0 


R = 28.5 lb 


i.+m 0 = 0; -5.5(3) + 5(3) + 28.5 r f = 0 

r f = 0.05263 in. 


5U, l r R sM 


r f = r sin <j> k 


0.05263 = ~sm<j> k 


<p k = 12.15° 


// = tan <p k = tanl2.15° = 0.215 


Notealso by approximatior; 


r f = r/i 


0.05263 = ~H 


- 0.211 Ans 


(approx.) 


UlA/ 0 = 0; -5.5(3) + 5(3) + F{ —) = 0 

2 


F = 6 Ib 


N = v /R2 - F* = /728.5)2 - 62 = 27.86 


M R 27.86 0 ' 215 Ans 


544 


www.usacingenieria.blogspot.com 

The pulley has a radius of 3 in. and fits loosely 
on the 0.5-in.-diameter shaft. If the loadings acting on the 
belt cause the pulley to rotate with constant anguíar + ^ - 0 , 
velocity, determine the frictional force between the shaft 
and the pulley and compute the coefficient of kinetic 


friction. Neglect the weight of the pulley. 


,A 


t + IM 0 = 0; 


R - 5 - 3.5 = 0 


R = 10.5 Ib 


-5.5(3) + 5(3) + 0.25) = 0 


/(10.5)' - & = 8.617 lb 


= í = Ûl = 0696 


5.51Ì 


l + ™o * 0; -5.5(3) + 5(3) + lOSty) = 0 

r, = 0.1429 in. 


0.1429 = ~ sin è t 
2 


<p k = 34.85° 

/i* = tan34.85° = 0.696 


By approximation 


8-121. Determine the tension T in the belt needed to 
overcome the tension of 200 lb created on the other side. 
Also, what are the normal and frictional components of 
force developed on the collar bushing? The coefficient of 
static friction is n s = 0.21. 


Fnctional Force on Journai Bearino • II ... . -i _I 

_ ,, ... _ . acanng . Here, * ( = tan fi, = un ‘o.21 

« 11.86 . Then the radius of fricnon cirele is 

r f = rcin 0, = Isin 11.86° = 0.2055 in. 

Equaíions of Equilibrium : 

C + IM, = 0; 200( 1.125 + 0.2055) - T( 1 .125 - 0.2055) = 0 

T= 289.41 lb = 289 Ib Am 

+ ÎT, =0; R- 200-289.4 = 0 * = 489.41 lb 

Thus, the normal and fricúon foree are 

N = Rcos b, = 489.41cos 11.86" = 479 lb Aiu 
F= Rsin b, = 489.41sin 11.86° = 101 Ib Ans 



200 Ib T 


'aC % ~ azo5Sin ' 


ÁsOOtb * -r 
Rr 1 


F 

i 
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♦ 8 - 124 . The weight of the body on the tibiotalar joint J ìs 
125 lb. If the radius of curvature of the talus surface of the 
anlde is 1.40 in., and the coefficient of static fr iction between 
the bones is /x,. = 0.1, determine the force T developed in 
the Achilles tendon necessary to rotate the joint. 


125 lb 



Wilh t tdditìoo of forcer, the rcrclunt forceW + T tcu > diuincex horizonully 
from W. 3 . 



However, from geometry ris theradius of curoture. 

. x 

stn^ * - 

r 

Since $ is small sin* - Un* =/t . f.subsimte x = jfe yiclds 
u * ——— 

nrW 
“ ê-nr 

Herc W = 1251b, r= 1.40 in, fi = 0.1,a= 1.50 in. 

7*= °-l(I.40)íl2S> 

~ rS0-0.1(1.40) 

= 12.91b Ans 


8 - 125 . The collar fits loosely around a fixed shaft that has 
a radius of 2 in. If the coefficient of kinetic friction between 
the shaft and the collar is = 0.3, determine the force P 
on the horizontal segment of the belt so that the collar 
rotates counterclockwise with a constant angular velocity. 
Assume that the belt does not slip on the collar; rather, the 
collar slips on the shaft. Neglect the weight and thickness 
of the belt and coIlar.The radius, measured from the center 
of the collar to the mean thickness of the belt, is 2.25 in. 



► P 


t, 

= Un '0.3 = 16.699” 

r f = 2sin 16.699° = 0.5747 m. 

Hquilibrium: 

+ ÎEfJ =0; 

-20 = 0 f^ = 20 lb 

+ IÍ =0; 

T ~K =0 R,=T 

Hcdcc 




2 0 Lfe 


t.+ ÏM 0 - O, - ( /r 1 + 202 ) (0.5747) + 20(2.25) - 71(2.25) = 0 
Choosc thc smallest root r=13.8lb 


Ans 


_"5 & 




around a fîxed shaft that has 
y ad ' US f 0f 2 ' n - If the coefficient of kinetic friction between 
the shaft and the collar is = 0.3, determine the force P 

™ t ^°T n S6gment ° f the belt 50 that the collar 

thàfthe heí h' 56 W ‘ th a , C ° nStant an 8 ular velocity. Assume 
hat the belt does not shp on the collar; rather. the collar 

ps on the shafbNeglect the weight and thickness of the 
belt and collar. The radius, measured from the center of 
the collar to the mean thickness of the belt is 2 25 in 



ft - tm /í, = ian“' 0.3 = 16 . 699 ° 
r / = 2 ta 16 . 699 ° = 0.5747 in. 


Equilibrium : 

+ tl^= 0 ; ^ -20 = 0 R* = 20 Ib 

=0; r-j^=o 

H ““ « = v^r^ = /Tt7205 

W ™° = 0: ( f^+ 20 2 ) ( 0 . 5747 ) + 20 ( 2 . 25 ) - 7 ) 2 . 25 ) = 0 

Choosc thc largcst root T = 29.0 lb 



'° Pi»n by 

2-in-diameter beabng A H 6 crank shaf l by l 
ownwards, and the coefficient of ,P' ston ls moving 
Pomts is Mí = 0.2, determine th f , C fnCllon at lh ese 
orcle at each connection. rad ' US ° f the «cion 

(r /h -r AM ,„o.2m. Ans 

( 7 ). =r.„ - °- ^ 5 ( 0 . 2 ) 

2 = 0.075 in. Am 



<o the piston by 

50 -mm-diameter bearinl A U ,h CTank Shaft by 3 

upwards, and the coefficient of stahcTrcH “ m °u Ìng 
points is ll =01 . ' at,c * r,ct,on at these 

««o„ 


O/h =r ÁMl , 25(0.3) = 7.50mm A « 
(r/). =r» M = 10(0.3) = 3mm Alu 
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8-129. The vehicle has a vveight of 2600 Ib and center of 
gravity at G. Determine the horizontal force P that must 
be applied to overcome the rolling resistance of the 
vvheels. The coefficient of rolling resistance is 0.5 in. The 
tires have a diameter of 2.75 ft. 



Equaíions oj Equilibrium: 

Ç+ZM t =0-, N t (7) +F( 2.5) -2600(2) = 0 

5200-2.5/’ 


Ç+ÏA/,=0; />(2.5) + 2600(5) -N A (7) =0 

13000 + 2.5/> 


m „ 5200-2.5 P 13000 + 2.5 P 

Rolling Resistance : Here, IV = N Á +N t =---h- 

= 2600 lb, a = 0.5 in. and r= 12) = 16.5 in.. Applying Eq.8- 11, 


Zboo ií 



Fz/t' 5/t 


2600(0.5) 
16.5 
- 78.8 lb 


8-130. The hand cart has wheels with a diameter of 80 
mm. If a crate having a mass of 500 kg is placed on the 
cart so that each wheel carries an equal load, determine 
the horizontal force P that must be applied to the handle 
to overcome the rolling resistance. The coefficient of' 
rolling resistance is 2 mm. Neglect the mass of the cart. 



/>-2L a 


= 500(9.81)( 


/> = 245 N Am 
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vSh, wu , C h y,Ìnde f V S SUbjeCted '° a l0ad that has a 

cylinder s toÍ C ° eff ' C ' ents of rollin ê resistance for the 
cyltnder s top and bottom surfaces are a A and a, 

rrrrrrr that a force having a ma 8 nitu de 0 f p ~ 

<K 2r 15 re quired to move the ioad and 
the cylfnder Neg ' eCt the wei § ht of 


Wl . P = 0 (J(i)Mmp 

+ T ^ =0: ( ^-* = 0 (Jt), - ttr 

(+IM, = 0; P(rcos* Á +reos«,) - W(a A +a.) = 0 

Since and *, are very coi*,, . 




(R«). 


(i) 






co *♦« “ 1. Hence, firom Eq.(l) 


P * W(a A +g a ) 
2r 


(QED) 


* ' arge cra,e havin g a mass of 200 kg is moved 
along the floor us.ng a series of 150-mm-diameter rollers 
or wh,ch the coefficient of rolling resistance is 3 mm at 
he ground and 7 mm at the bottom surface of the crate 
Determme the horizontal force P needed to push the 

Prob «’ni 31 3 C ° nStam SPCed ' HÌnt: Use ' he result of 


p w (a A +™) <U,C ‘ ApPlyU ’ g resul1 “htained m Prob. 8 - Iff, 

and rZT' T * = 7 mm ' % =3 ™ n ' *“ 20 ° (9 - 8t > = l9 « N, 
u r ~ ' 5 mra, we have 

1962(7 + 3) 

2(75) ~ ] 30.8 N = 131 m Ans 
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8-133. The lawn roller weighs 300 Ib. If the rod BA is held 
at an angle of 30° from the horizontal and the coefficient 
of rolling resistance for the roller ìs 2 in„ determine the 
force F needed to push the roller at constant speed. Neglect 
friction developed at the axle and assume that the resultant 
force acting on the handle is applied along BA. 





Rolling Rêsistance : The angle 6 = siif 1 - = 12.84°. From the eqilibrium of 
ihe tawn roller, we have 


I* I F, = 0; Rsm 12.84° - Fcos 30° = 0 
+ T LF = 0; Rcos 12.84° - 300 - Fsin 30° = 0 


Solving Eq. [ 11 and [2] 





R = 354.31 Ib 


8-134. A single lorcc P is applied to thc handlc of thc 
drawer. II friction is neglectcd at the bottom side and the 
coefficient of static l'riction along thc sidcs is = 0.4. 
determine the largest spacing s betvveen the symmetrically 
placed handlcssothat thedravverdoes not bind at thc corners 
A and B when the forcc P is applied to one ol' the handles. 


Drtwer 


Equations of Equilibrium and Friction : If thc dr»wer docs not bmd I 
cornets 4 and S, slipping would have to occur al points A and B. Hence, 
F Á =!iN A = 0 AN a and F t = iiN, = 0.4N,. 


2+ if; = o. n,-n a =o n a =n,=n 

+ ÎZF r =0: 0.4N + OAN-P = 0 P = 0.SN 

, ZÍ+1.25V „ 

Í+ZM, =0; N (0.3) +0.4W (1.25) -0.8/Vl—— 1 = 0 

tvj^o.3 + 0.5 - a« pig ]j = o 


- Since N * 0, then 


rr+1.25V „ 
0.3 + 0.5-0.81—-—1 = 0 


F b --o-4-^s 


f A =a-4 


TVj 

f> I Z5-Ï 
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8 135. ITie truck has a mass of' 1 ’s Mo - 10 , 1 . . ,. 

al Dctermine the sreatest |„ ,d it d „ t Croímass 
has rear-wheel drive whíle th ■ f , ú PU ' (a) the lruck 

Ihe „ 'Z'7 “ "* 
static friction hetween the wheel -r u ^ W)effic,ent of 


800 mm 








" 1.5 m 4"— 1 m —-j 


*) The tmck with rear whed drive. 

( +ZM ’ =0: 1.25(l0 5 )(9.81)(|) + r(0.6>-N,(2.5) = 0 [1] 

-*^= 0 ; 0.SW.-r = 0 

12 ] 

Solving Eq s .(lJand[2J yields 

N * = î5 73.86 N T = 2786.93 N 

Smce thecraie moves, F c = Ui 'N- c = 0 .4N C . From FBD (c), 

+ î^,=0; N C -VF = 0 N c = W 

- ,ZF . =0; 2786.93 -0.41F = 0 

**' = 6967.33 N = 6.97 kN 


Ans 


b) Thc truck wuh four whrel drive. 


- F,tv s _ 0.5/V,.From FBD (b). * 

Ç + ™’ =0 ' ‘■25(l0 J )(9.81)(l) + r ( 0.6)-N,(2.5)=0 [ 3] 

( + ^=0; ( 2 . 5 >+ r ( 0.6)- 1 25 ( 10 3 ) (9 8l)( 1.5) = 0 [4 j 

-^2^=0; 0.5N, +O.SN,-T=0 (5] 

Solving Eqs.[3J, [4Jand [5J y lc lds 

— 6376.5 N N b = 5886.0 N 7-=6131.25N 
Since the crate moves, F c = u ,'N c = 0 .4N C . From FBD (c). 

+ ÎZ/ > =°: N c -W = 0 n c = W 

-fï/i =0; 6131.25-0.4H' = 0 


imto'xfsod 



w = 15328.125 N= 15.3 kN 


Ans 
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N-136. Solvc Prob. 8-135 if thc truck and crate arc 
traveling up a H) ineline. 


600 mm 




-1.5 m —-j—| , 


a) Thc trudc with rcar whccl drivc. 

Equatìons of Equilibrium and Friction : It is requircd that thc rcar whccl 
of ihc truclc slip hcncc F A = li,N A = 0.5N A .From FBD (a), 

^+1M B =0, 1.25 ( ÎO 3 ) (9.81) cos 10° (1) 

+ 1.25( 10 1 ) (9.81)sìn 10°(0.8) 

+ 7(0.6)-*,, (2.5) = 0 [11 

+ ZF,. =0; 0.5N b - 1.25( 10 3 ) (9.81)sin 10°-r = 0 [2] 

Solving Eqs. [ 1] and [2] yields 

N Á = 5682.76 N T = 712.02 N 

Since the crate moves, F c = U,'N C = 0.4W C . From FBD (c). 

+ ZF y .=0\ N c - VVcos 10“ = 0 N c = 0.9848IV 

- 0 . 712.02-IVsin 10°-0.4(0.9848WO = 0 

W = 1254.50 N = 1.25 lcN Ans 

b) The truck with four whecl drive. 

Equaiions of Equilibrium and Friction : h is required thal the rcar whcels 
of *e truck sltp hence F A =n,N B = 0.5 N A . From FBD (a). 

Ç+ZM b =0; 1.25( I0 3 ) (9.81)cos 10“(1) 

+ 1-25( 10 J ) (9.81)sin 10°(0.8) 

+ T(0.6) -N a (2.5) = 0 [3] 

Ç+IM a =0; - 1.25( 10 5 ) (9.81)cos 10“(1.5) 

+ 1.25( 10 3 ) (9.81)sin 10“(0.8) 

+ r(0.6) + /V,(2.5) =0 [4] 

+^ZF,.=0\ 0.5N a +0.5N b - 1.25 ( 10 3 ) (9.81)sin 10°-r = 0 [5] 

Solving Eqs.[3J, [4] and [5j yields 

N a = 6449.98 N N, = 5626.23 N T= 3908.74 N 

Since Ihe crate moves, F c = M /N c = 0.4N C . From FBD (c), 

V^' =0; N c -Wcos 10° = 0 N c = 0.9848«' 

-+ZF, =0; 3908.74-VVsin I0°-0.4(0.9848W) = 0 

w = 6886.79 N = 6.89 kN Ans 





'' ZS <S? i Xf.,SO N 


'Frr, /o, | * 
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j/vww.usJcjng is pinned at A and is used 

to hold mops or brooms against a wall. [f the coefficient 
of natic friction between the broomstick and the cam is 
Ms - 0.2, determme if it is possible to support the broom 
havtng a weight H'. The surface at B is smooth. Neglect 
the weight of the cam. 6 


r— 50 mm - 


30 mm 


^camisanvo-forcemember. 

Rcquire 




0.6 iV 


However p __ 

ma * ~ ViN = 0.2 N 


Therefore, the 


0301 cannot support thc broom. 


Ans 


8-Ì38. -Dte carton ciamp on the forklift has a coefficient 
of static friction of Mî = 0.5 with any cardboard carton 
whereas a cardboard carton has a coefficient of static 
friction of - 0.4 with any other cardboard carton 
Compute the smallest horizontal force P the clamp must 
exert on the sides of a carton so that two cartons A and 
B each vve.ghing 30 Ib can be lifted. What smallest 
clamping force P' is required to lift three 30-lb cartons' ocanon8 ^"fedamp, 
The third cartnn C ic .-.ic—a i... . . „ 


- - — —i—.cc uii. uuee ju-id 

Ine third carton C is placed between A and B. 


■:ï: 


+ Tz/r = 0; 2F = 60 

2(0.5/V) = 60 
ff = 60 Ib 

If the cartons slide agalnst each other, 

+ T ^=0t f + f c = 30 

0.5 At + 0.4 W = 30 
N = 33.33 lb 

P ~ 60 Ib r° r two cartons. 

F °r three cartons: 

If two cartons slide against each other, 

+ TZF r = 0; 2 F c = 30 

2(0 AN C ) = 30 
N c = 37.5 lb 

If the cartons slide against the camp, 

+ Tz Ç =o ; ^F = 90 Ib 
2(0.5 N) = 90 
N = 90 Ib 

I” = 90 Ib for three cartons. Ans 


3t>tt 3oii 


3016 


Ans 


30li 


Nc- 


30«. 3t>U joy, 


—T 
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8-139. Ihc tractor pulls on the fixed tree stump. 
Determine the torque that must be applied by the engine 
to the rear wheels to eause them to slip. The front wheels 
are free to roll. lTie tractor weighs 3500 Ib and has a center 
of oravity at (ì. Ihe eoetticient of static friction between 
the rear wheels and the ground is /u, = 0.5. 



Equatioiu of Equilibrium and Friction : Assume that the rear wheels 
B slip. Hence F, = fl,N, = 0.5 N,. 

("+IAÍ„=0 N, (8) -T(2)- 3500(5) = 0 

+ Î£/;=0; N,+N á -3500 = 0 



-+ZF,= 0; T-0.5N, =0 [: 

Solving Eqs.(l), [2] and [3] yielils 

N Á = 1000 lb N, =25001b r= 12501b 

Since N a > 0, the front wheels do not lift up. Therefore the rear whecls slip as 
assumed. Thus, F, = 0.5(2500) = 1250 lb. From FBD (b), 

Ç+IAÍ o =0, M- 1250(2) =0 

M = 2500 Ib ft = 2.50 kip ■ ft Ans 




F,=!Z5o Ib 


^ZSOOIb 


’ :, 8-140. 'ITie tractor pulls on the fi.xed tree stump. If the 
cocfficicnt of sttitie friction between the rear wheels and 
the ground is /t, = 0.6. determine if the rear wheels slip or 
the front wheels liít off the ground as the engine provides 
torque to the rear wheels. What is the torque needed to 
cause the motion? 'The front wheels are free to roll. The 
traetor weighs 2500 lb and has a eenter of gravity at G. 


Equationt of Equilibrium and Friction : Assume that the re»r wheels 
B stip. Hence F, = /j, N, = 0.6N,. 

Ç+IM t =0 N,(S) — T(2) - 2500(5) = 0 


+ TLF r =0; N,+N a - 2500 = 0 
T+1F,=0. T-0.6N,=0 


Solving Eqs.[l], (2) and (3) yields 

N, — 661.76 Ib N, = 1838.24 lb T= 1102.941b 

Since N a > 0, the front wheels do not líft off the ground. Therefore 
the rear wheels shp as assumed. Thus, F s = 0.6 (1838.24) = 1102.94 lb. From 
FBD(b), 

+ EAÍ o =0, M- 1102.94(2) = 0 

M = 2205.88 lb ft = 2.21 kip ft Ans 



ZSoo a 
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(r [dxj r * nd 10 ccno-oid ú i = x . Here, 

Pcrfomnng the iniegration. ••— - * 2*' 


we have 


l mm f, x f+?* 

[*'Hj-mH‘)T 


I 4397 m 


= 0.7857 
Ctntroid Applying Eq. 9 - 7 , 


w e have 


x = j ÌdL = 07857 

JtdL 1.4397 “ 05457 m = 0.546 m 


Equtuions of EquUibrium : 


► = 0 ; 


+ Tl/ Ì=0; O/ _ 0 

C +ZAf o=0; a/ 0 


O, =0 

5<O81)(1.4397)=0 

°, = 7.06 N 


0-5(9.81) (1,4397) (0.5457) = ( 
M o = 3.85 N • m 


Ans 


Aiu 


Ana 


Ans 
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9-5. Determine the distance x to the center of gravity 

of the homogeneous rod bent into the parabolic shape. If = xdl 

the rod has a weight per unit length of 0.5 lb/ft, determine f , ,- 

the reactions at the fixed support O. - = * idL = '° + 

IdL Jdx 2 + x 2 dx 2 

Letx - tm0 

?0d6 


j| taad + tan 3 ^dsec^ddO 
j| + tan 2 6 sec 3 6d6 


+ 1{ hi | uc6 + taneiJlf 


0.531 ft An* 

Also, 


dL = Jdx 2 + dy 2 






dx 


= 1.148 ft 

|f ûîL = J 1 xfTVx 2 dx 
= 0.6095 


0.6095 
* = 1.148 

0.531 ft An» 

%W, = 0; 

O. = 0 Ani 

+ ÎIf r = 0; 

O, - 0.5(1.148) = 0 


0, = 0.574 lb Am 

1.+«#„ = 0; 

M 0 - 0^(1.148X0.531) = 0 


= 0.305 lb-ft 


Ans 





560 


www.usacingenieria.blogspot.com 

9-9. Locate the centroid of the shaded area. 

dA = y dx 



X ~ X 



ii 

IN* 



V 

_i A xdA 

iïpx’dx [^JS 



ZdT 

ISpx’dx [^x’JS 


V- h x’ /i 

- Lŷd* 
>= I*T 

/í &x*dx [^x 5 ] 
IÒ bx’dx [éix 5 )| 
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9-13. The plate has a thidcness of 0.25 ft and a specific 
weight of y = 180 Ih/ft’. Detemiine the location of its 
center of gravity. Also, find the tension in each of the 
cords used to support it. 

Area and Moment Arm: Here, v = x — 8* 2 -f 16. The area of 

the differential element ís dA — xdx — f.r — 8.vî + 16)í/jc and its 

1 1 

centroid is x — x and v = -(x — 8.i ’ + 16). Evaluating the integrals, 

we have 

r r l(tít i 

A-dA- (x-Sxî + i6)dx 
J A J I) 

/1 , 16 3 \l l6ft , 

= ^ -x 2 — — x 2 -f i6.vjj =42.67 ft 2 

f f ih u i 

J xdA = J .v[(.r ~ 8.r: + 16 )í/x| 

/l . 16 5 ,\| 16 " 3 

= {r-T* 2+ «'-)l = 136 53 ft 

f f ìf>11 l I I 

I ydA = I -(x — Sx 2 + 16)| (jc — 8a 2 + 16)í/.r j 

J A J 0 2 

l/l , 32 5 7 512 ì \| l6ft 


= 136.53 ft' 

Centroid: Applying Eq. 9-6. we have 




! ~i M r 


= 1920 lb 
.? = 3.20 ft 


= 3.20 ft Ans 


= 3.20 ft Ans 


Equations of Equilibrium: The weight of the plate is 
W = 42.67(0.25)( 180) = 1920 Ib. 


T.M X =0: 

1920(3.20) - 7' /t (I6) = () 

1\ = 384 Ib 

Ans 

T. M y = 0; 

r £ ( 16 ) - 1920(3.20) = 0 

T c = 384 lb 

Ans 

E Fj. = 0; 

T„ + 384 + 384 - 1920 = 

0 



T b = 1152 lb= 1.15 kip 
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9-22. The steel plate is 0.3 m thick and has a density of 
7850 kg/m 3 . Determine the iocation of its center of mass. 
Also compute the reactions at the pin and roller support. 


y i = -*i 



M = (y 2 - y t ) dx = (/2x + x)dx 


- _ _ fi*-x 

2 " 2 

í = ^ idA = Jô + x ) dx [ht* 3 ' 2 + 

^ idA Jo (fix + x)dx ' j-2dï x ,„ + 

V-jíZÌl- Jo^t^ + X tA 

íi<M SS(^ + x)dx = jìf x , n + x x ^ 
4 = 4.667 m 2 

IV = 7850(9.81)(4.667) (0.3) = 107.81 kN 
(+!*(, = 0; -1.2571(107.81) + N,(2fl) = 0 

N, = 47.92 = 47.9 kN An, 

_>îf * = 9; -4, + 47.9251*45° = 0 

A = 33.9 lcN Ans 

+ ÎX/J = 0; 4, + 47.92cos45” - 107.81 = 0 

4, =73.9kN Ans 




1.2571 = 1.26 m 


= 0.143 m Ans 


ï \ 

»\ 

kl __ ^ 
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9-25. Locate the centroid x of the shaded area. 

Areaand Moment Arm : Herc, y, =*’ andy 2 =x J . The «rcaof the 
differcntialetanentis dA = (y, -y 2 )dx = (x’-x 2 )* and its centroid is 

X - X. 


Centroid : Applying Eq. 9-6 and pcrforraing thc integraùon, we havc 



9-26. Locate the centroid y of the shaded area. 

Area and Moment Arm : Here, y, = x 1 andy 2 = x 2 .The arca of the 
differential elemeni i s dA = (y, -y 2 )dx = -x 2 ^dx and its centroid is 

y = = 1 (>1 +J, 2 ) = i(^ x i + J.Í). 


C entroid : Applying Eq. 9-6 and pcrforming the integration, we have 
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C "" M: ' a " , ”< 1610 ' •- 15 *“ *. - 


iH a>ak 


J| 2 “ 

^ l^r~ = ÏTpr = i-6ii 




*♦( h-ldx. * 


9 '30. Locate 


'cemioidjf ofthe shaded , 


- 7 r d ^ 0mt,U Arm ' ^ 

* m d its ceniroid ú ý = Z _ i x J 

Ctntroid : Applying Eq. 9 - 6 and nnrf 

and perfomung d» iniegradon. w e h,v e 

. I Á ŷdA í, ìt'U'dx ) t] 1 "' 

V = 4^—- /■*.. 2 in , 


ï^ xîifa = " 133 “• An » 



1— I in.—1~ | in 
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*9-32. Locate the centroid of the ellipsoìd of revolution. 
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9-37. Locate the center of MAii -x of the hemisphere. 

TTie density of the material varies linearly from zero at x 

the origin O to p 0 at the surface. Suggestion: Choose a f = 2 
hemispherical sheli element for integration.?’ 



P = Po(") 


dV = 2 xx 2 dx 


dW = pdV = (—)p 0 x 5 dx 
a 


i w x dW _ Jo* \e-fp„)x'dx 
TwdW j ‘ (2/p 0 ) Jt 3 dx 



9-38. Locate the centroid z of the right-elliptical cone. 


F + £ = 1 

16 9 



4 ft V 


Volume tutd Sfoment Arm : Frora thc scornctry. — X * JÌ 

10-z 10’ 

X = 0.4( 10-e) rnd y = 0.3( 10-z). The volume of *e thin 

dìskdifTerentálelementis dV= taydz = Jrf0.4( 10-i)][0.3(10-z)]ife 
= 0. 12jt( z 2 - 20z + 100) dz and its centroid z = z. 

Centroid : Applying Eq. 9 - 5 and performing the imegration. we have 


flOf, 

yzdV J 0 z[0-12x(z 2 -20z+100) dz] 

j v dV fTôrt ' 

J 0.12jt(z j -20z+ 100) tfe 
0 

. ,-Jz 4 20z 5 .Vlion 

- 0' 1 2<"- + îte l 

< z J \ 10ft ~ 1 

— - I 0 z 2 + lOOz 

* J 0 


- 2.50 ft Àns 


X 3ft 



hjri 
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9-39. Locate the centroid y of the paraboloid. 


Volume ani Moment Arm : here, z = 2y ! . The volume of the thin dislc 
differentúJ element is dV = izLdy = ?rf4v) dy and its centroid ŷ = y. 

Centroii : Applying Hq. 9-5 and performing the integrahon, we have 


íyŷdv _ J]‘y[»(4y)rfy) 
^ dV J *(4y)dy 


eCOjfrí) 





Ans 


«®r 


fr 

4-rr) 


*9-40. The king's chamber of the Great Pyramid of Giza 
is located at its centroid. Assuming the pyramid to be a 
solid, prove that this point is at z = \h, Suggestion: Use 
a rectangular differential plate element having a thickness 
tìz and area ( 2x)(2y). 




dV = (2*)(2y) dz = dxy dz 


x = y = -Ah-z) 
n 


f 4 a 2 j 4a 2 2 , z 3 . 4 a 2 h 

f - f A 4 a 2 2 . 4 a 2 2 z 2 z 3 z 4 k a 2 fv 

ízdv = S o —«-zýzdz = —- 2h— ♦ L,J = __ 


- = lídv = ziL = - 

1 J dV 4 
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^J(^y u ê^ ( fl í }9tìí\i. er ïfit Ì3 lB9§fi0ti c PW the tentroíd for the 
tetrahedron. Suggcstion: Use a triangular ■plate'' elenient 
parallel to the v-v plane and of lhickness dz. 



i 1 

i = c<l - yt) = 


jdv= c )dz 


\ rr z z ai>c 2 
J zdV = -J Q i#!--)*!--)* ' 24 


I zdv _ Hr_ _ £ 

z " I<fv" _ <Mr 4 



.,-41. I.«.K fc «— »< S'.>«y ■>< ,h ' 

particles with respect to the origin O. 



^ m 




I kg 10 kg 2 kg 


©- Q 

5kg 6 kg 


Center of Gravity : The weight of the puecles are VV, = 5g, W, = 6 g, W, = 2g, 

W t = lOg and W t = Ig and their respective cenicis of gravity are í, = 3 m, i 2 = 5 m, 
i, = -1 m, í, = -2 m and í, = -4 m. Applytng Eq. 9 - 8, we have 

ZÎW _ 3(5g) + S(6g) -f (-1) (2g) + (-2) (lOg) + (-4) ( U) 

X = ~ZW~ 5g + 6g + 2g+ lOg+lg 
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9-46. Locate the centroid (x, v) of the uniform wire bent 
in the shape shown. 



í 20 mm 


150 mm 


- 50 mm 




Centrnid: The lengih of each segment and its respective centroid are 
tabulated hclow. 


Segment 

L(mm) 

Jc(mm) 

v(nini) 

,rL(mni 2 ) 

vL(mm : ) 

1 

150 

0 

75 

0 

11250 

2 

50 

25 

0 

1250 

0 

3 

130 

50 

65 

6500 

8450 

4 

100 

50 

150 

5000 

15000 

5 

50 

75 

130 

3750 

6500 

L 

480 



16500 

41200 


Thus. 

TiL 16500 , , 

v = — =-= 34.375 mm = 34.4 mm Ans 

ZL 4X0 

v = = 85.83 mm = 85.8 mm Ans 

ZL 480 


)' 



9-47. The steel and aluminum plate assembly is bolted 
together and fastened lo the wall. Each plate has a constant 
width in the z direction of 200 mm and thickness of 
20 mm. If the density of A and B is p s — 7.85 Mg/m 3 , 
and for C, p„i = 2.71 Mg/m 3 , determine the location x 
of the center of mass. Neglect the size of the bolts. 



Em = 217.85(I0)'(0.3)(0.2)(0.02)| + 2.71(I0) 3 (0.3)(0.2)(0.02) 
= 22.092 kg 

Xxm = 15012[7.85(10)-’(0.3)(0.2)(0.02) 1| 

+ 35012.71Í 10) 3 (0.3)(0.2)(0.02)1 


= 3964.2 kg mm 

__ Y.xm _ 3964.2 
' " ~Lm “ 22.092 


— 179 mm 


Ans 


579 





580 




581 



www.usacingenieria.blogspot.com 


*9-52. Each of the three members of the frame has a mass 
per unit length of 6 kg/m. Locate the position (x, y) of 
the center of gravity. Neglect the size of the pins at the 
joints and the thickness of the members. Also, calculate 
the reactions at the pin A and roller E. 


Cuttroid : The length of each segment and its respechve cencroid are tabulated 
belosv. 


tt L(m) 

x(m) 

>(m) 

x'L(m ! ) 

/£( m ! ) 

8 

4 

13 

32.0 

104.0 

7.21! 

2 

10 

14.42 

72.11 

13 

0 

6.5 

0 

84.5 

28.211 



46.42 

260.61 

__Eí£ 

46.42 




Z ~H = 

28.211 

= 1.646 m = 1.65 m 

Ans 

-_I>£ 

260.61 




y ZL~ 

28.211 

= 9.238 

m = 9.24 ra 

Ans 


- 4 m—*j*— 4 m—-j 


Equations of Equilibrium : The lotal vveight of the frame is 
W = 28.2tl(6)(9.81) = 1660.51 N. 


=0; 

^ (8) - 1660.51 (1.646) = 0 



E, = 341.55 N = 342 N 

Ans 

+ T ZF y = 0; 

A, +341.55-1660.51 =0 



Ay = 1318.95 N= 1.32 kN 

Ans 

4 ZF, = 0; 

O 

II 

Ans 



/\ 'trj 

Z0l/i(W98'J ' 

ICebO.ÇI fj 



9-53. Determine the location y of the centroid of the 
beam's cross-sectional area. Neglect the size of the corner 
elds at A and B for the calculation. 


35 mm 

\ y JjJieá 


VA . ttClSŶ (23) + 15(110X50 + 55) + *(|)'(jo + 110 + |), 3 93 
ZA = *T25) 2 + 15(110) + *(y) J = 4575.6 nun ! 


112 mra 3 


v , Zŷ* 393 112 _ 

ZA “ '4575.6 * 8S ' 9 m “ An 


— p-15 mrr^, 

\ H , 

50 mm l.í-v:' 
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9-54. The gravity wali is made of concrete. Determine 
the location (x. y) of the center of gravity G for the wali 


lí/t = 1.8(36X0.4, + 2. i(3)(3) - 3.4^1 J (3X 0.6) - l. 2 (i] (I . 8 ) (3 ) 
= 15.192™’ 

= 0 2(3.6X0.4) + 1.9 ( 3)(3) - l. 4 (i) (3 X0.6) - 2. 4 (i) (1 . 8X3 , 
= 9.6« m’ 


Z4 = 3.6(0. 4 ) + 3(3) - i(3 X 0.6) - i(1.8 X 3) 
= 6 .M 111 1 


- LcA 

x * -- 

14 


15.192 

6 .84 ~ 2 - 22m 


- _ ZỳA _ 9.648 
£4 = 6.84 


1-41 m Aiu 


segment has a thickness of 10 mm . Each 


Ctntroid : The area of each segment ard its respomve cenlroid are tabulaied 
below. 


Segment 4(mm 2 ) j'(mm) /4(mm’) 


1 

2 

3 

I 

Thus, 


40( 10) 5 

100(20) 50 

60(10) 95 

3 000 


__ IýA _ 159 000 
^ 24 3000 


2 000 
100 000 
57 000 

159 000 


53.0 mro Ana 
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9-57. Determine the location ŷ of the centroidal axis x x 
of the beam’s cross-sectional area. Neglect the size of the 
corner welds at A and B for the calculation. 



ZŷA = 7.5(15X150) + 90(150)05) + 215(jr)(50) J 

= 1 907 981.05 mra 

= 15(150) + 150(15) + *(50) 2 

= 12 353.98 mm' 

ý = ZŷA = 1 907 981,05 

ZA 12 353.98 ~ 154 mm An » 
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*9-60 YTi 

from a square board 

; S 3 ft '°"S- Deter m ,ne how hi/h / 2 * »nd 

/°m the floor. Also, what i s the a n éle ° f gravií >' « 

horizontal, through which its in * r ’ measure d from the 

‘ W0 . of its )e SS before it beg ms To “ be ti,ted 
!hickness of each leg, 8 over '"rn? Neglect the 


'4ft- 


r 4ft 


15 + 4(2) = 2.4« ft 


6 : 


•“"Vr--) 

2.48' 


38.9° 


Ans 


Ans 


■ 




3 ft 


Ò0h« Ì°,r ‘ be “ mr ° Ìd J °' ' h ' »re. 




Thus, 


Sccmcnt 

i4(ln 2 ) 

/(!«.) 

/4(in J ) 

1 

14(1) 

15.5 

217.0 

2 

6(2) 

13 

156.0 

3 

16(1) 

8 

128.0 

I 

42.0 


501.0 

v -- 2 * 

501.0 



' âT" 

42.0 = 

1193 in. 

» 11.9 in. 


Ans 


in.—«j 


10 in. 


j* - — 8 in.——| 



’ I in. 


9-62. Determine the location ï r,f .u 



tXA ï^ìa * aa) ~ 5('' 8i »“Hrco sa )(| rco , a) 

■ r 1 

3 una ~ — sina cos'a 


£4 = V 


2 r “ ~ jfrsinaHrcosa) 


V (a 


sin2a 


2A i 


sin 3 c 


2 r2 ( a -*&) a - ~ 


Atu 
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9-63. Locate the centroid y of the channel’s cross- 
sectional area. 


12 in--*tr— 

PMMf 

c 



Cntroid : The area of each segmentand its rcspectìve centroid are tabulated 
beiow. 

Segment A(in 2 ) jr(in.) jiA(in 3 ) 

1 6(4) 3 72.0 

2 12(2) 1 24.0 


ZŷÁ 96.0 

v = -i— =-= 2.00 in. 

’ U 48.0 


t/J©' 


*9-64. Locate the centroid ŷ of the cross-sectional area 
of the beam constructed from a channel and a plate. 
Assume all corners are square and neglect the size of the 
weld at A. 



oid . The arca of each segment and its rcspective centroid are rflhulmeft 

below. 


Segment 

A (mm 2 ) 

/(mm) 

fA (mm 1 ) 

1 

350(20) 

175 

1 225 000 

2 

630(10) 

355 

2 236 500 

3 

70(20) 

385 

539 000 

I 

14 700 


4 000 500 

. E/4 

4 000 500 



y ~ lT = 

14 700 

272.14 rnm = 272 mm 


3SSmn\ 355mm\ 


l]5mo 

350 om 

ZOrnm -i 

tOmm 

J. 

i 

( 

S) : - 


6i0 'rìnn 
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9-65. Locate the centroid (x, ŷ) of the member s cross- 
sectional area. 


Ctntroid: Ttic area of each segment and hs respective oentroid arc tabulated 
below. 


Segment j4(mm 2 ) í(mm) j(mm) iX (mm : ) j/t (mm > ) 


-(30) (90) 

20 

30 

27 000 

30(90) 

45 

45 

121 500 

100(50) 

110 

25 

550000 

9 050 



698 500 


. ZxA 698 500 

x = = = 77.18 mra = 77.2 mm Ans 

._IýA 287 000 

y = = g 0JQ - = 31.71 mra = 31.7 mm Ans 


30 mm // 




30mtf TÔ 


Tp 1 

30' nm 


9-66. Locate the centroid y of the concrete beam having 
the tapered cross section shown. 


1 —t» 

” 300 mm, i 

"3 




1ŷA - 900(80)(40) + 100(360)(260) + 2[í( 10O)(360)(200)1 = 19.44(10*) mm’ 

LA = 900(80) + 100(360) + 2[Í(100)(360)J = 0.144(10*) ram 2 
- _ ZŷA _ 19.44(10*) 

^ 1A ~ 0.144(10*) = l3Sl “ An * 
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9-67. Locate the centroid v of the beam’s cross-section 
built up from a channel and a wide-flange beam. 


Centroid: The area of each segment and its respective centioid are 
tabulated be!ow. 


A(in 2 > 

v(in.) 

yA(in 3 ) 

14.0(0.4) 

16.20 

90.72 

3.40(1.30) 

14.70 

64.97 

10.3(0.76) 

15.62 

122.27 

14.48(0.56) 

8.(X) 

64.87 

10.3(0.76) 

0.38 

2.97 

33.78 


345.81 


ZxA 345.81 

?= tT = iï7ir = l0 - 24in = l0 ' 2in - Ans 


*9-68. Locate the centroid y of the bulb-tee cross 
section. 


Centroid: The area of each segment and its respective centroid are 
labulaled below. 


A(mnr) 

v(mm) 

vA(mm) 

450(50) 

600 

13 500 (XX) 

475(75) 

337.5 

12 023 437.5 

X - (225)(75) 

125 

1 054 687.5 

300(100) 

96 562.5 

50 

1 500 000 

28 078 125 


_ ZvA 28 078 125 

v = = . = 290.78 mm = 291 mm Ans 

ZA 96 562.5 


GT 0.76 in\ 


16.2 in.|15.62in 14.7 inJ 


0.65 in. 
14.48 ìn. 


0.56 in.. —I U— °- 76ìn 


225 mm — L- 225 min 




50 mm 1 3(X) mm 



—75 mm| 

® 4(X) mm 
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I ,!í 9 - D ^ ermi «e the~JT '-- 

I [° ^ftich a 

iocateTaf* , r t6r ° f mass of the r s î c ° f ' the 

8Mg/m J . - 115 "“-^e materia , hí"'S^J 



±51 2lî2Vo.j)(«4) 

* - 0.230 h - 0.0J00 = o 
Ch o°>ú>gth epoímvcmou 
A = 323 mffl Anj 


9-7°. Determine the distance 2 to the centroid of the 
ì wh,ct ii consists of a cone with a hole of height 

n - 50 mm bored into its base. 


ÏÍV = 3 *(0.1J)’(0.5X^, - *(0.05,’(0.05)(^) 


1.463(10- 5 , m 4 


XV ~ î"(0.15,’(0.5, - jr(O.OJ) 2 , 


(0.05, 2 (005) 


- 0.01139 m 3 
- _ £ÌV _ 1.463(10-’, 

£ V 0.01139 = 0 12845 m = 128 mm Anj 
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♦9-72. The sheet metal part has a weight per unit area 
of 2 lb/ft 2 and is supported by the smooth rod and at C. 
If the cord is cut, the part will rotate about the y axis untìl 
it reaches equilibrium. Determine the equilibrium angle 
of tilt, measured downward from the negative x axis, that 
AD makes with the -x axis. 




s« jolutìon to Prob. 9 - 71 


oentroid. 



% 

F 

/ 


/ 


/ 6 


'1 1 

’ u 


9-73. Determine the location (x, y) of the centroid C of 
the cross-sectional area for the structural member 
constructed from two equal-sized channels welded 
together as shown. Assume all corners are square. Neglect 
the size of the welds. 



ZxA = 1.5(0.5)(0.23) + 10(0.5)(5) + 1.5(0.5)(9.75) 
+ 1.5(0.5)(5.25)(2) + 10(0.5)(4.25) 

= 61.625 in 3 

IA = [1.5(0.5) + 10(0.5) + 1.5(0.5)](2) = 13 in 2 
ZxA 61.625 


ZA 


13 


4.74 in. 


ZŷA = 1.5(0.5)(1.25)(2) + 10(0.5)(0.25) + 1.5(0.5)(0.75) 
+ 10(0.5)(5.5) + I.5(0.5)(10.25) 

= 38.875 in 3 

ZŷA 38.875 


y = 




13 


= 2.99 in. 


Ans 
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9-74. Determine the location (x, y) of the center of 
gravity of the three-wheeler. The localion of the center of 
gravity of each component and its weight are tabulated in 
the figure. If the three-wheeler is symmetrical with respect 
to the x-y plane, determine the normal reactions each of 
its wheels exerts on the ground. 

=4.5(18)+ 2.3(85)+ 3.1(120) 

= 648.5 lb-ft 

EW = 18 + 85 + 120 + 8 = 231 lb 

MfhS f( Am 

~ ZW 231 

rj-W = 1.30( 18) + 1.5(85) + 2( 120) + 1(8) 

= 398.9 Ib-ft 

IJW = mo = I 73 ft Ans 

•' _ ZW 231 

C =0; 2(N«)(4.5) - 231(2.81) = 0 

Ng = 72.1 lb Alls 

+ t TF f = 0; W., + 2(72.1) - 231 = 0 

N, = 869 lb Ans 


!. Rearxvhccls 18 ]b 

v 2. Mcchanical comiioncnts 85 Ib 

1 3. Framc 120 lb 

4. Front whccl 8 lb 


j f t ‘-Y* 1 2 j f ' 


-2.30 (t-1---I—) .40 fl —1 

0.81) fl 



9-75. Major floor loadings in a shop are caused by the 
weights of the objects shown. Each force acts through its 
respective center of gravity G. Locate the center of gravity 
(J, y) of all these components. 



Centroid: The floor loaíìings on the fl»H>r ;ind its respective centroid 


are tabulated below. 

Loading W''(lb) 

-ï(ft) 

flt’O 

ÌVV(lb-ft) 

vVV (Ib-ft) 

1 

450 

6 

7 

27(X) 

3150 

2 

1500 

18 

16 

27(XX) 

24(XK) 

3 

600 

26 

3 

156(X) 

1800 

4 

280 

30 

8 

84(X) 

2240 

E 

2830 



53700 

31190 


XiVV _ 53700 
ZW ~ 2830 

ZỳW _ 31190 
1 ~Z W~ ~ 2830 


= 18.98 ft= 19.0 ft Aas 


= 11.02 ft = 11.0 ft Ans 
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9-78 The buoy is made from two homogeneous cones 
each having a radius of 1.5 ft. If it is requiredl that the 
buoy’s center of gravity G be located at z - 0.5 ft, 
determine the height h of the top cone. 


ZzV = ì<r(1.5) J (A)(-í) + i(K1.5) J (4)(í) 


= -0.5890 h + 9.4248 



ZV = ^ff(1.5) J (A) + |«<1.5) J (4) 
= 13562 h + 9.4248 


ZiV _ -0.5890 h? + 9.4248 _ Q5 
1 ~ ZV ~ 2.3562 A + 9.4248 


-0.5890 h 1 + 9.4248 =1.1781 h +4.7124 


9-79. Locate the centroid z of the top made from a 
hemisphere and a cone. 


Centroid : The volume of each segmeni ard its rcspecóve centroid «re tabulated 
below. 



Segment V(mm’) î'(mm) î'V(mm 4 ) 
2 


-tr(24 3 ) 


129 1.188864tc( 10®) 


-ff(24 2 )(120) 90 


32.256t( 10 5 ) 




ì.262464n(\0 1 ’) 


3.262464tr( 10 6 ) 

IV ~~Ï2.2S6n(UP )" “ 101 - 14 nun = 101 mm Ans 
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*9-80. A triangular plate maiie of homogeneous material 
has a constant thickness which is very small. If it is foJded 
over as shown. determine the location y of the plate’s 
center of gravity G. 


1 


-2 


XA = -(8)(12) =48 in 
' 1 


■ZŷA = 2(1) (|) <l>( 3 > + I 5(6)(3) +2(2} Q) (1>(3) 
= 36 in' 


y -íM = ». a7 Si 

ZA 48 


Ans 


9-81. A triangular plate made of homogeneous material 
has a constant thickness which is very small. If it is folded 
over as shown, determine the location z of the plate’s 
center of gravity G. 


9-82. Locate the center of mass z of the assembly. The 
material has a density of p = 3 Mg/m 3 . There is a 30-mm 
diameter hole bored through the center. 


Centruid: Since (he dcnsity is thc same tor the whole materitil, the 
centroid of thc voiume coincide with centroid of the mass. The volume 
of euch segment and íts respective centroid are tabulated below. 


Segment 

V (mnt') 

:(mm) 

rV(mm 4 ) 

1 

■^t(40 2 )(60) 

V(40 2 )(J00) 

115 

3.68t(10'’) 

2 

50 

8.00t( 10 í1 ) 

3 

-Ì,t(207h30) 

137.5 

-0.550t(10 6 ) 

4 

—t(15 2 )(I30) 

65 

-1.901 25t(I0 6 > 

£ 

158.75^(10’) 


9.228 75^(10*) 


Thus, 


_ ZîV Q.328 75rr(]0 6 ) 
2 “ YV ~ I58.75t(II) 3 ) 


58.13 mm = 58.1 mm Ans 
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distance v to the centroid of the shaded area. Then using 
the secottd theorem of Pappus-Guldinus, determine the 
volume of the solid generated by revolving the shaded 
area about the x axis. 


Area of the dìfferential element tíA = + / ì r/v a 

A = JA = jf ^ 1 + V j Jy = 3.333 fr = 3.33 ft 

/,^ = f v (' + T)- /V = 4ft> 

/ > ‘ IA 4 


— \ dx and v = v 


• f= TT7 = 3333 = l ' 2fl 


Volume: 

V = OrA = 2,t( I 2H3.333) = 25.1 fr’ Ans 


9 - 87 . A steel wheel has a diíimeter of 840 mm and a 
cross section as shown in the fìgure. Detennine the total 
mass of the wheel if p = 5 Mg/m ? 


30 mm—<î 0 mm 



; ni-— 1 

1 420 mm 

250 mm 
|30 mm 

|T T 
J 80 mm 


Volume: Applying the theorem of Pappus and Guldinus, Bq. 9-12, with 
0 = 2?r. r, = 0.095 ni.r 2 = 0.235 m,r 3 = 0.39 m, A, = 0.1(0.03) = 
0.003 m \A 2 = 0.25(0.03) = 0.0075 m 2 and = (0.l)(0.06) = 
0.006 m - , wc have 

V = OTrA = 2 7T [0.095(0.003) + 0.235(0.0075) + 0.39(0.006)J 
= 8.775rr(I0 _3 )m 3 
The mass ol' the wheel is 
m = pV = 5(10 3 )[8.775(!0~ 3 )7r J 

= 138 kg Ans 


\ 

/ 



L-+ 


ì 

\ 

j 

\ 

/ 

\ 

— 1 ft -*■ 

-2 l 't 



A * n3 | | 


• 0.25 m 

A, 


r, = 0.095 m 
Tj = 0.235 m 
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*q «« The hopper is filled to its top with coal. 
Detcrmine the volnmc of coal if the voids (a.r space) are 
is nercent of thc volume of the hopper. 

Volume : The volume of ihe hopper can be obumed by applymg the theorem of 
Pappui and Guldinus, Eq. 9 — 12, with 6 = 2?r, f, = 0.75 m, f 2 = 0.6333 m, 

f, =0.1 m, A, = 1.5(4) = 6.00 m 2 , A 2 = 1.3) (1.2) = 0.780 m 2 and 

A 3 = (0.2)( 1.2) = 0.240 m 2 . 

V, = 0IfA = 2rr[0.75(6.00) +0.6333(0.780) +0.1(0.240)] 

= 10.036jt m’ 

Thc volume of ihc coal is 

V c = 0.65v; = 0.65 (I0.036tr) = 20.5 m’ Ans 


—* 



9-89. Sand is piled betvveen two vvalls as shown. Assume 
the pile to be a quarter section of a cone and that 26 percent 
of this volume is voids (air space). Use the second theorem 
of Pappus-Guldinus to determine the volume of sand. 



r.jr i 


4 (ì 

L ( 2 )(1)( 2 )(3)(2) J (a74) * 3.49 m 5 

Ans 

i. t 


9-90. The rim of a flyvvheel has the cross section A-A 
shown. Determine the volume of material needed for its 
construction. 



M 

20 mm 
Section A-A 


V - ZffrA - 2nf350)(60)(20) + 2»(320)(40)(20) 

V = 4.25(10*) mm 5 Aas 
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9-91. The open tank is fabricated from a hemisphere 
and cylindrical shell. Determine the vertical reactions that 
each of the four symmetrically placed legs exerts on the 
fioor if the tank contains water which is 12 ft deep in the 
tank. The specific gravity of water is 62.4 lb/ft 3 . Neglect 
the weight of the tank. 



Volume: The volume of Ihe water can be obtained by applying 
the theorem of Pappus and Guldinus, Eq. 9-12, with 0 = = 

4 ft, r, = 3.395 ft. A| = 8(4) = 32.0 ft 2 and Aí = ljr(8 2 ) = 50.27 ft 2 . 


V = »ZrA = 2jt| 4(32.0) + 3.395(50.27)] = 1876.58 ff' 


I'he weicht of the water is 


W = y„ : V = 62.4(1876.58) = 117098.47 lb 
Thus, ihe reaction of each leg on the floor is 


R= w = 1,7098.47 = 2927462|b = 29 3 kip Ans 

4 4 



*9-92. Determine the approximate amount of paint 
needed to cover the outside surface of the open tank. 
Assutne that a gallon of paint covers 400 ft 2 . 


í 6 0 

. 

Ittnl 


Surface Area: Applying the theorem of Pappus and Guidinus, 

Eq. 9-11. with 0 = 2tt, L\ = 10 ft, Li = ^ = 4 tt ft. 7\ = 8 ft and r \ - 8 ^ t 

16 . 

r-> = —It, we have 


r i6 i 

A = 0Y.7L = 27T 8(10) + — (4tt) = 288.T ft' 


The required amoitnt paint = = 2.26 gallon Ans 


- 2 ( 8 ) 16 .. 
r 2“ — = 
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9-99. The process t;mk is used to store liquids dtiring 
manufacturing. Estimate both the volume of the tank and 
its surface area. The tank has a flat top and the plates from 
which the tank is made have negltgibie thickness. 


V = 1.0?A = 2t 1 ( - ) <3H4> + I 5<3)(6) 


- 3 m —*j*— 3 jìì — **. 


r.4 = 2 a[l(i) 


V = 207.3 ni = 207 m-‘ 


.4 = 10?L = 2jt| 1.5(5) + 3(61 + 1.5(3)1 



*9-100. Detennine the height /i to which liquid should 
be poured into the cup so that it contacts half the surface 
area on the inside of the cup. Negtect the cup’s thickness 
for the calculation. 


A = »TL = 2*|20 v '(20> ! + (50H + 5(10)) 


= 2.-7(1127.03) min 2 



( h \ I / 2h \ ~ 1 

10+ Ì)v Ít) +i ' 2 = 5 (27r)llu7 03) 


10.77/1 + 0.2I54/I 2 = 513.5 


/i = 29.9 mtn 


9-101. A V-belt has as inner radius of 6 in., and a cross- 
sectional area as shown. Determine the volume of materiid 
used in making the V-belt. 


Volume: Applying the Iheorem «f Pappus and Gutdinus, Eq. 9-12, with 
0 = 2rr. ?t = 6.4665 in.. ?: = 6.6220 ín.. .4 1 = 0.5(0.9330) = 

0.4665 in 2 and \ 2 = ^(0.5X0.9330) = 0.2.333 in 2 , we have 

V = 61? A = 2.t 16.4665(0.4665) + 6.6220(0.2333)1 



p- 7 * 0.5 in. —7 - 

0.25 in. 0.25 ín. 


0.25 in. 0.25 in. 
I 10.5 ìn,| | 



; = 6.6220 in. F, = 6.4665 in. 
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9-102. The full circular aluminum housing is used in an 
automotive brake system. The cross section is shown in 
the figure. Determine its weight if aluminum has a specific 
weight of 169 Ib/ft'. 


f Pat)DU s and Guldinus, Eq- 9- 12, »>* 

Votum. : Applyú'8' he “jjJ". = 0 .45 in.. A, »0.25(0.5) ^ 

8 = 2*, r, =0.875 in.. h 025(0.9) »0-225 in . 

= 0.125 in 2 , Aj = 0.15(3 25) = 0.4825 m »nd A 3 0. 


wc havc 




Xhe wdght of *e housing is 


( , 3.850V_ n „ 71b Ans 

w = yv=i69 [ lír ) = a3771b 


tj-»0'875* 


r^’OA&i’i 


0-2591. 

^0-5.0- 


325 <0. 



J- ' 1 - | 4.ÍH1 ín. 


4 p^LL i. 


9-103. Determine the height h to which liquid should be 
poured into the conical cup so that it contacts half the 
surfacc area on the inside of the cup. 


Surfact Area : This problem requires thal -A| = A 2 . Applying thelheoremof 
Pappus and Guldinus, Eq.9-9, with 9 - 2*, L, = >/50 2 -t-150 2 = 158.11 mm, L 




25 mm and r 2 = - , wc have 
6 


-(ef,L,) = 5f 2 Lj 

^(2*(25)(158.11)]=2*Q)[^i. 


fy*Z6mn 



Li~I 58 Ufnrn 


'SfÌM-fh 
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*9-104. Determine the surface area of the roof of the 
structure if it is formed by rotating the parabola about 
the y axis. 


Cen troid ; The length of the differentàl elemem ìs dL = -Jdx 1 + dy 1 

= f+iiïi) )* ” dcentro,d Here. ^ - -f. Eviluadng d,e 

ìnicgrals, we have 


/>I 6 «/ i- 

L = JáZ.= ít/l + Ì-U = 23.663 m 

J o l' 64 j 

j^dL = j 217.181 ro ! 


Applying Eq. 9-7 . wehave 


x = 



217.181 

23.663 


9.178 m 


5nr/oee Area : Applying the theorem of Pap pu5 and Guldinus. Eq.9-9. with 
8 = 2«, L = 23 663 m, f = x = 9.178, we h»ve 


A = 8rL = 2»(9.178) (23.663) = 1365 m 2 


Ans 



y- 16 - (x 1 / 16 ) 


16 m 



9-105. Determine the interior surface area of the brake 
piston. It consists of a full circular part. Its cross section 
is shown in the figure. 


A = ZOrL 
A = 1I9{10’> 


2 *ll (X40> + «/ÒÔFTT8Ò)5 

+ 90(60) + mx) +1 io(4o> j 


Ans 


+ 80(20) 


9-106. Determine the magnitude of the resultant 
hydrostatic force acting on the dam and its location, 
measured from the top surface of the water.The width of 
the dam is 8 m; p w = 1.0 Mg/m 3 . 
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| 2 m - 


For water 


At side A : 


w * - b Pw gd 


2(1000)(9.81)(4) 


= 78 480 N/m 


F *‘ ~ 2 (78 480 >(4) = 156 960 N = 157 kN 


At side B : 


£££••■; 'I tji 


w * - b P w g d 


-■ 3(1000)(9.8I)(4) 
117 720 N /m 


F *. = “(117 720)(4) = 235 440 N = 235 kN 




At side A ; 


w * = b Pogd 

= 2(900)(9.81)d 


F *. - “(17 658 d)(d) = 156 960 N 
d = 4.22 m Am 


llhrj' 


9-108. When the tide water /1 subsides, the tide gate 
automatically swings open to drain the marsh B. For the 
condition of high tide shown, determine the horizontal 
react.ons developed at the hinge C and stop block D 
The length of the gate is 6 m and its height is 4 m' 
P»i = 1.0 Mg/m- 1 . 


Fluid Brtisure : The fluid pressun: at pornts D and E can be dcsemiined usini 
Eq. 9- 15 . p-pgz. 

Po = 1.0( 10 3 ) (9.8 1 )(2) = 19 620 N/m 2 = 19.62 kN/m z 
p c = 1.0( 10 3 ) (9.81) (3) = 29 430 N/m 2 = 29.43 kN/m z 



w D = 19.62(6) = 117.72 lcN/m 
» £ = 29 43(6) = 176.58 kN/m 


Resultant Forces : 


F s, = -(176.58) (3) = 264.87 kN 
F t, = 2(117.72)(2) = 117.72 kN 


Equaiions of Equilibrium . 


+ ZM C = 0; 264.87(3) -117.72(3.333) -D x (4) =0 

4 = 100.55 kN = 101 kN Ans 

-+X/)=0; 264.87-117.72- 100.55 - C, =0 

C„= 46.6 kN Anj 




• \ 

! \ 
/ \ 


F k =iij.jzm 


/ \ P ítbbjm 

- ' '“'ej— 

B-I7&-56 rnj„ . //7 ,^ 


605 



www.usacingenieria.blogspot.com 

9-109. The concrete “gravity" dam is heid in place by its 
own weight. If the density of concrete is p c = 2.5 Mg/m’, 
and water has a density of p lr = 1.0 Mg/m', determine 
the smallest dimension á that will prevent the dam from 
overturning about its end A. 


ÍSÍ4'-.-, \ - 6m. 


Consider a t - m width of dam. 


w= 1000(9.81)(6)( t) = 58 860 N/m 


F = —(58 860)(6)(1) = 176 580 N 


W = -(d)(6)( 1X2500)(9.81) = 73 575dN 


(+IM a = 0; - 176 580(2) + 73 575 d f?</j = 0 


d - 2.68 m Ant 



9-110. The concrete dam is designed so that its face AB 
has a gradual slope into the water as shown. Because of 
this, the frictiona! force at the base BD of the dam is 
increased due to the hydrostatic force of the water acting 
on the dam. Calcuiate the hydrostatic force acting on the 
face AB of the dam. The dam is 60 ft wide 
y». = 62.4 Ib/ft', 

4 C 


-((62.4)(t2)(21.63)](«0) 


/T . Â a ° ° ° 3 'O ° \ û »«£> 


9-111. The semicircular tunnel passes under a river 
which is 9 m deep. Determine the vertical resultant 
hydrostatic force acting per meter of length along the 
length of the tunneí. The tunnel is 6 m wide; 
P„ = 1.0 Mg/ml 


-6m-- 



F = 9.81(1)(6)(6) + 2(1)(9.81)(3(3) 


F = 391 kN/m Am 
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•9-112. The tank is used to store a tiquid having a 
specific vveight of 80 lb/ft\ If it is fìlled to the top, 
determine the magnitude of force the liquid exerts on 
each of its tvvo sides ABDC and BDFE. 



FluU Frtsturt: 

Eq. 9-15 ,p = n 


The ffaûd “ P0“W» Band £can be drtramnrd using 


p, = 80(4) = 320 lb/ft 2 Pe = *»( 12) = 960 lb/f^ 
Wf . 320(12) = 3840 tb/ft . £ = 960( .2) = U5201b/ft 

R.sultant Forcts : TbercsultMtforceacts on sufaceA«CZ>is 

R »i(3840)(/52) = 13»45.31 lb= 13.8 kip 
«1 ? 


z, ì 


■„ifg 'ìbH) Ib/ft 


*nd acts on surface BDFE is 


f . 1(3840+11520) (8) = 61 440 lb = 61.4 ldp Ani 


yf e • U5Z0 It/ft 


9-113. Determine the resultant horizontal and vertical 
force components that the water exerts on the side of the 
dam. The dam is 25 ft long and y,„ = 62.4 lb/ft 3 . 


Fluid Frotiure : The fluid prcssure «tthe toe of thedtni c«n be dorerrruned 
using Eq. 9- 15. p = yz. 

p = 62.4(25) = 1560 lb/ft J = 1.56 lup/ft 1 


mjm 


mm 2 V' 


w = 1.56(25) = 39.0 kip/ft 

Retultant Forct : From the inside back cover of ihe text, the are» of the 
2 2 

scmiparabolic arca is A = -afc = -(10) (25) = 166.67 ft 2 . Thcn, the venical 
coraponent of the rcsuhant forcc is 

F, =rV = 62.4[ 166.67(25)] = 260 000 lb= 260 Idp Ans fei. 


and the horizontal coraponcm of the resultant force is 


=-(39.0) (25) =487.5 kip 



</>//( 
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9-115. The storage tank contains oil having a specific 
vveight of y„ — 56 lb/ft 5 . If the tank is 6 ft wide, calculate 
the resultant force acting on the inclined side BC of the 
tank, caused by the oil, and specify its location along BC\ 
measured from B. Also compute the total resultant force 
actíng on the bottom of the tank. 


W, = bp 0 h = 6(56) (2) = 672 Ib/ft 
W c = bp 0 h = 6(56)(10) = 3360 Ib/ft 
= 8(672) - 5376 lb 




= -(3360 - 672)(8) = 10 752 Ib 



n 

-r 

2 ft 


K = 3(2) (6) (56) = 2016 lb 


fy, = r(3)(8)(6)(56) = 4032 Ib 


= EF,; 


F, x = 5376 + 10 752 = 16 128 Ib 


+ = LF y ; F„ = 2016 + 4032 = 6048 lb 


F, = i/(16 128) 2 + (6048)2 


= 17 225 lb = 17.2 kip 


= />(<!); 


„ -t 6048 

9 = “ W ■ 20 ' 56 °^ 


17 225 = 10 752(-)(8) + 5376(4) + 2016(1.5) + 4032(2) 


F, = 4< 14) (6)( 56) = 18 816 lb = 18.8 kip Ans 


♦9-116. The arched surface AB is shaped in the form of 
a t j“ arter ciicle- If it is 8 m long, determine the horizontal 
and vertical components of the resultant force caused by 
the water acting on the surface. p w = 1.0 Mg/m 3 . 



F, = 1000(9.81)(3)(2)(8) = 470.88 kN 
F, = 1000(9.81)(3)(2)(8) = 470.38 kN 


F ’i = l OOO(9.»\)(2)(-X2)m = 156.96 kN 


w = K2) 2 - -ir(2) 2 l(8)(1000)(9.81) = 67.37 kN 



F , = 156.96 + 470.88 = 628 kN Ans 


Ff = 470.88 + 67.37 = 538 kN Ans 
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9-119 The pressure ioading on the plate is descnbed 
9-nv. t ... , n . gi ih/ft 2 . Determme 

intersects the plate. 

,,= 10 [(7TT) +8 ] 

W/“-Mcáï +> ]“ 

r R = 30[6tn(.r + 0 + **l8 = 677.75 tb = 678 tb Ans 

= 30|6(.r - ln(l + *)) + 4* 2 te = 642.250 

. I/” «H™ = 0.948 f. An 

x - '7 . . 677.75 


9-120 The tank is fitled to the top (} = 0.5 m) with 
Lter having a densi.y of p„ = 1.0 Mg/.n 3 Detemnne 
the resultant force of the water pressure act.ng on the flat 
end plate C of the tank, and its iocat.on, measured from 
the top of the tank. 



JF — p dA = (1)(9.81)(0.5 - v) Zx dy 

/ 0.5 -— 

(0.5 - y)(v (0-5) 2 - v- dy 

-0.5 

= ^ [.vv^CO.5) 2 — y z + 0.5 2 stn -1 ([£:)]_„, 
2(9.81) 


í| v /|(0.5t 2 - v 2 l'K., 


F = 3.85 kN 


í r os ^ i /.5 

J v JF = 2(9.81) J\ o.5>' - v 2 )(v / (0.5) : - y-dy - 19.621 j ^ 

» n V "1^"^ ] 

i[v , K0.5) 2 -y¥l"i., - + «°- 5 > 2 siir ' 03J—0.51 


F)-d) 


Hence. measured trom the top ot the tank, 
d' =0.5 + 0.125 = 0.625 m Ans 
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9-121. The wind blows uniformly on the front surface of 
the metal building with a pressure of 30 Ib/ft 2 . Determine 
the resultant force it exerts on the surface and the position 
of this resultant. 


F , = j’ìfXlxdy) 


= 60 \' f%y' n dy 



= 60/8(-)(8) 3/3 = 2560 Ib 


ŷ = Hy(30)(2xdy) _ 60 /‘ Jïy>*dy 
2560 2560 

2560 - 480 » 

AIso, from Uble in back of text: 


2 2 

F, = p(-ab ) = 60(-)(8)(8) = 2560 


ŷ = -(8) = 4.80 0 


F, = 2560 + 30(3)(I6) = 4000 Ib = 4.00 kip 


4000(>) = 4.80(2560) + 9.5(30)(3)(16) 
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9-122. The loading acting on a square plate is repre- 
sented by a parabolie pressure distribution. Determintt the 
magnitude of the resultant force and tlte eoordinates (x y) 
of the point where the line of action of the toree interseets 
the plate. Also, what are the reactions at the rollers B and 
C and the ball-and-soeket joint A? Neglect the weight of 
the plate. 


V = V 

dA = p dy 
- 0 Ans 


(Due to symmetry) 
f ,IA = £ 2y' 2 dv = [y v2 ] = 10.67 kN/m 

j ỳ dA = j[* 2>' r -Jy = = 25 6 kN 

. /' 


v JA 


I 


JA 


25.6 

10.67 


= 2.40 m 


F k = 10.67(4) = 42.7 kN 
ZM X = 0; B y = C y 
ZM X = 0; 42.67(2.40) - 2B V (4) = 0 

fí K =C\ = 12.8 kN 


Ans 


Ans 


Ans 


9-123. The tank is filled with a liquid which has a density 
of 900 kg/m 3 . Detennine the resultant foree that it exerts 
on the elliptical end plate. and the location of the center 
of pressure, measured from the x axis. 


ftuid Pressure: l'tiv tìuid prcssure at un urbilrary point atong y 
axis can bc dctcrmincd using Hc|. 9-15, p = X(0.5 — .V) = 900(9.81) 
(0.5 - v) = 8829(0.5 - y). 


Ans 


= —866.7 N m 

ŷdF K 


U‘ ifk 

í JFr 
JF t 


-866.7 

6934.2 


= -0.125 m Ans 





• V Jv 


42.67 kN 



t TF = 0; 42.67+ 12.8+ 12.8 = 0 

A y = 17.1 kN Ans 


1 

— 1 m—1 

— 1 m-J 


2k — 

/1 

L 4 > 2 + x 2 = 

feii 


t 

0.5 m 

4_ _ 

■ 

1 A 

t 

0.5 m 

m&B 

i mM 

1 1 


Resultant Force and its Location: Here, x = v /l — 4>\ The volume 
of the differential element is dV = JFr = p(2xdy) = 8829(0.5 - 
v)|2v/l - 4y 2 Jí/.v. Evaluating the integrals using Stmpson's rule, 
we have 


r /-« 5 m _ 

F k = / df K = 17658 / (0.5 - y)(>/Y-F4y 2 )dy 

Jh J-a .5 m 

= 6934.2 N = 6.93 kN 

ç f0.S n. - 

/ vcìFr = 17658 / v(0.5 - y)(v 1 - 4 y 2 )dv 

Jfk ’ 7- 0.5 m 
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*9-124. A circular V-be!t has an inner radius of 600 mm 
and a cross-sectional area as shown. Determine the 
volume of material required to make the belt. 



= 2rr[0.625(2) ( ì) (0.025)(0.075) + 0.6375(0.05)(0.075)] 


= 22.4( 10) 3 m 3 


9-125. A circular V-belt has an inner radius of 600 mm 
and a cross-sectional area as shown. Determine the 
surface-area of the belt. 

A * ï.0rL 


~ 1 * 10.6(0.05) + 2(0.6375)(/(0.025) 3 + (0.075) 3 ) + 0.675(0.1)) 


= 1.25 m 2 Ans 




9-126. Locate the centroid y of the beam’s cross- 
sectional are^j^ ‘ 


50 mm 50 min 

|-———I 75 mm- — 75 mm-1 h •{ 


Ctnlroid : The area of cach segmeru and ils respcctive aentroid are tabulaied 
bclow. 


Scgment /«(min 3 ) /(mm) y'A (mm ! ) 

1 300(25) 112.5 843 750 

2 100(50) 50 250 000 


1093 750 


. I ŷA 1 093 750 

^ïr'Hsór " 87 - 5 "” 1 


300 ry)/r) 


: t Z5rr>n\ I00M 

50mm 
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9-12^. Locate the centroid of the solid. 


y 2 = a(<i -|) 



VoluM . Mom.nt A rm : The volume of ûte diin di»k diffemuial elemem « 
áV - *>'dz = *[<{<>- !)]* = «{o-Ì)<fe and i B cenuoid « ai£= t. 

CtntroU : Due to symmeiry ibout the z axis 

í = ŷ = 0 An» 

Applying Eq. 9 - 5 and performing the imegration, we have 

_ JyfrfV 
z 1717 


r® 2 * s v 

"U <J 

/ r l 'l 2 

"\*"J. 





♦9-128, Determine the magnitude of the resultant 
hydrostatic force acting per foot of length on the sea wall; 
y w = 62.4 lb/ft 3 . 


Fluid Frtiture : Thc fliud prcssurc at thc toc of thc dara can bc dctcrmincd 
using Eq. 9- 15, p = yz. 

p = 62.4(8) = 499.2 lb/ft z 


y = -2x 2 




%\ 

ùsâ 


' 8 ft 


I 'ryîí 

I 

I 


w =499.2(1) = 499.2 Ib/ft 


R.sultant Fore.s : From the inside back cover of the text, the 

1 1 j 

exparabolic area is A = -ct = — (8)(2) = 5.333 ft . Then, the verócal and 
horìzontal components of the resultant force are 

F k =yV = 62.4(5.333(1)] = 332.8 Ib 
= ](499.2)(8) = 1996.8 lb 

The resultant force and is 


F, = JfÏTfZ = ■/ 332.8 2 + I996.8 2 

= 2024.34 lb = 2.02 kip Ans 



il —r 


—i 

W--4^-2/i//t ^ 
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9-129. The tank and compressor have a rnass of 15 kg 
and mass center at G T and the motor has a mass of 70 
kg and a mass center at C.«. Determine the angle of tilt, 
0 of the tank so that the unit will be on the verge of 
tipping over. 


ZxW 

zw 


0.2(15) +0.5(701 
15 + 70 


= 0.4471 m 


TỳW _ 0.35(15) + 0.625(70) 
Y.W ~ 15+70 


= 0.576 47 m 


tí — lan 1 



0.4471 
0.57647 


= 37.8° 


Ans 




9-130. The thin-wal!ed channei and stiffener have the 
cross section shown. If the material has a constant thick- 
ness, determine the location y of its centroid. The dimen- 
sions are indicated to the center of each segment. 

ZỳL _ (Qh9) +2(11(2)+ 2(21(1)+ 2(0.51(1)+ 1(3) 
• v ~~Er~ (9) + 2(2) + 2(1) + 2(1) + 3 


j-— 3 in. —-|-— 3 ìn. —-j-— 3 in. —-j 


2 in. 


iL-^jjr 




1 m. 



J = 0.600 in. Ans 


9-131. Locate the center of gravity of the homogeneous 
rod. The rod has a weight of 21b/ft. Also, compute the 
,r, v, z components of reaction at the tìxed support A. 


ZxL = 0(4) + 2(jt)< 2) = 12.5664 ft 2 
LíL = 0(4) + — (,t)( 2) = 8 ft 2 

71 

ZIL = 2(4) + 0(?r )(2) = 8 ft 2 
ZL =4 + ,t(2)= 10.2832 ft 


LxL 

12.5664 

= 1.22 ft 

Ans 

LL ~ 

10.2832 

LyL _ 

8 

= 0.778 ft 

Ans 

ZL 

10.2832 

LzL _ 

8 

= 0.778 ft 

Ans 

LL ~ 

10.2832 


VV = (2 lb/lt)( 10.2832 ft) = 20.566 Ib 


EAÍ, = 0; M,\ x - 0.778(20.556) = 0 

M,i r = 16.0 Ib-ft Ans 

ZM, = 0; M,i, - (4 - 1.22}(20.566) = 0 

M,i, = 57.1 !b fl Ans 

ZM = 0; M,,. = 0 Ans 

EF, =0; A,=0 Ans 



Z 



E f >: = 0; ,4 y == 0 Ans 

X F. = 0; = 2( 10.2832) = 20.6 lb Ans 
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4 = / 4 > 2 <W = 2j"V(*<íy) 
0 0 

10-1. Determine the moment of inertia of the shaded 

area about the ,r axis. = 2 / y^fa-ydy 



10-2. Determine the moment of inertia of the shaded 
area about the v axis. 


4 * / xl àA - 2/ 1 <it 

/4 0 
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10-3. Determine the moment of inertia of the area 
about the t: axis. Solve the problem in two ways, using 
rectangular differential elements: (a) having a thiclcness 
dx and (b) having a thickness of dy. 



*)Diff*rtmtial Eirmtnî : The irra of the dìfferential etement parallel to y axis 
is dA = ydx . The moment of inertia of this element about x axis is 

dl t ^dl'.+dAŷ 1 

^j2 ( - dx) y , *y dx (^] 

= Ì(2.5-0.Lr 2 )’íic 

= ^ ( -O.OOU 6 +0.075X 4 - 1.875x 2 +15.625) dx 



Moment of Inertia : Performing the integration, we have 

h (-O OOU^ + O.OTSx 2 - 1.875x 2 + 15.625) dx 

\( 0.001 , 0.075 J 1.875 , x.so 

x + —* —* +,î - 625 *)L 

= 23.8 ft* Ans 

b)Dlfferential Element: Here. x = /25- 10y. The arca of the differcntial 
element patallel to x axisis dA = 2xdy = 2/25- 10 <ydy . 

Moment of Inertia : Applying Eq. 10- 1 and pcrforming the integration, we 
have 

I,=\ y'àA 

A m 

— 2J y /25- \0ydy 



. ! [-g<n-, W l -» (2 5., (w | -_L 5 c 2s -, w l|' 
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*10-4. Determine the moment of inertia of the area 
about the x axis. Soive the problem in two ways, using 
rectangular differential elements: (a) having a thickness 
of dx, and (b) having a thickness of dy. 



—H-H 

J in. | I in. 


of *= differemial efcmem panUd 

« 4A = ydx . The moraent of inenú of tha demem d»ut x «ù ú 
dl x -dî x + dAỳ 1 

= -^(dx)y\ydx(^j 

= -(4-4jt ! ) dx 
1 . 

= -(-64x + 192r'-192r 2 +64)rfr 
Mom'ni of Inertia : Perfomung the imegranon, we have 

f ' = 3 5(~ 64jr ' S+l9it *-192r 2 + 64)dr 

- ‘f 64 t , 1« , 192 , vi,.. 

"5Ír + t^-- í+ HL 

»19.Sin* 

Ans 

(>Wff*rtntUil Elemrn, .■ Here. x = i/ 4 ^. The area of the drfferenhd 
demem parallel ior axis is <Í 4 = 2rrfy = 

Mnmenr of Inertia : Applying Eq. 10- 1 and perfomung the mfcgratìon. we 
= j y 2 dA 

A 

= 19.5 in* 


ih x 

Ojl 
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10-5. Dctcrminc thc moment of inertia of the area 
ahout the v axis. Solve thc problem in two ways, using 
rcctangultir differential elemcnts : (a) having a thickness 
of itx. and (h) having a thickness of dy. 

rìDifferential Elemrn,: The area of the dvfferennal element pamtlel «o 

ìs dA = ydx = (4-djc 2 ) dx . 

Momen, of Inerún : Applymg Eq. ,0- t and performing mte«r*on.we 

have 


/ = f x 2 dA=|"‘ x 2 (4-4 x^dx 

#411 

= 1.07 m 4 Anï 

VDifferenúal Element : Here. x = ^of inerna ofthe 

dvfferennal element about v axis is 

Moment of Inertia : Performing die integmnon. wehave 

/ = idi = — f (d-y)’dy 

‘y J y 12 Jo 

= 1.07 in 4 An * 


v = 4 - Ax 2 
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10-7. Determine the moment of inertia of the shaded 
area about the x axis. 


Difftrential Eltmenl : The area of the differendal element puallel to y axú 
Í5 dA — ydx . The moment of ìnertia of thia element about x axis is 

dl, =<Ú,.+dAŷ 1 

= ^ (<&))’+)dx(0 
= i(2-2x , )’<ir 
= l(-&x’ + 24r‘-24x J +8)<í» 

Momtnt of Intrtia : Performing the integnuion, we have 

4 =}dl, =ìj"‘ (-8x’ + 24i‘-24x J + 8)dx 

= 1.54 in 4 Ans 




y = 2 - 2x J 


♦10-8. Determine the moment of inertia of the shaded 
area about the y axis. 


Differentiai Element : The area of the differential element paraUel to ytxia is 
dÁ=ydx = (2-2x s ) dx . 

Moment of Inertia : Applying Eq. 10- land perfomúng the imegration, we 



2 in. 


) = 2 - 2x 1 


/ =\ x 1 dA=í'"'x 1 (2-2x , )dx 
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10-9. Determine the moment of inertia of the shaded 
<irea ahout the x axis. 


Difftrentiai Element: Here, x = -py 1 . 

fh 


The area of the differentaal element 


parallel to xaxis is dA = xdy ~ 



Moment of Inertia : Applying Eq. 10- 1 and performing ihe imegraôon, we 

have 





Ans 


10-10. Determine the moment of inertia of the shaded 
area about the y axis. 


Differential Element: The area of ihe diffeienlial element panllel to yaxis is 

dA = (h-y)dx = 

Moment of ínertia : Applytng Eq. 10-1 and performing tfie integration, we 

have 




i ’=î/ dA -fA h -ï* 1 ) dx 

-lï-fA: 

2 

- —Ans 

15 
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10 -U. Determine the moment of ìnertia of the shaded 
area about the x axis. 


dl x 


dí ; + dAf 



íx,y)' 


>1 



U ’î 


ÈT 


M' 


0 i 

-í*5** 

o 3 


Ans 


Also, 

l, - J y z dA 



= 10.7 in 4 Ans 


*10-12. Determine the moment of inertia of the shaded 
area about the .r axis. 



“ 0«3 m 4 Abj 

Alto, 


M = x <*y = 2(l-y 2 )dy 

i-í/dA 


T 


1 - 0.5x 
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10-13. Determine the moment of inertia of the shaded 
area about the v axis. 



dA = 2y dx 

I, = j x*M 

= J’ 2x 2 (l-0.5x) wî alr 


L-vl.l-0.5r 


8+12(-0.5)x + 15(-0.5)ix î ) Y /(T^â5Ì)ï'] 1 
105(-0.5)1 I 


= 2.44 m 4 Ans 


4 - J 

) 

~\— 




1 

-L 


< *‘V 

1 1 8 , , 

= 2j -(!-/)’dy 
o 3 

T 

1 m 

_L 




- 2 --i 



= 2.44 m 4 Ana 


líi-14. Determine the moment of inertia of the shaded 
area about the x axis. 



Differential Element: Here, x = 2y *. The area of the differendal clement 
parallel co xaxis i s dA = xdy = {ly^dy . 

Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


4=1 y 2 <^ = J y^y’Jíy 

4 ! )i: 

= 0.571 in‘ 
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♦10-20. Delermine the moment of inertia of the shaded 
area about thc ï axis. 


Difftremial EUment: Hcre, x = y'. Thc areaof thedifferennalelement 
parallel to xaxts i s dA = xdy = y'dy ■ 

Moment of Inertia : Apptying Eq. 10- land perfotming the integration, we ^ 
havc * 

01A 

!„ = j y'dA =|'“ y J íy’)<fy 

A 0 v / 

■ &T 


10-21. Determine thc moment of inertia of the shaded 
area about the v axis. 


Differtntial Element : The area of the differential efcment parallel to yaxis is 
dA = (t-y)èc = (i-x , )dx . 

Moment of Inertia : Applying Eq. 10-1 and performing the iniegianon, we 


J < =| x'dA = f x ï (i-x')dx 

4’4i: 
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10-25. The polar moment of inertìa of the area is Jc 
23 in 4 about the z axis passing through the centroid C’. If 
the mornent of inertia about the y' axis is 5 in , and the 
moment of inertia about tlie x axis is 40 in , determme 
the area A. 


Moment of Inertía: The polar of moraent inertia J c -l. x +Iy 
Then, 7, = 7c - 7v = 23 - 5 = 18.0 in 4 . Applving the parallel-axis 
theorem, Eq. 10-3, we have 



í, = /., + Atll 


40= 18.0+ A(3-l 


10-26. The polar moment of inertia of the area is 7c = 
548(10 6 ) mm 4 , about the z axis passing through the 
centroid C. The moment of inertia about the y' axts is 
383(t0 6 ) mm 4 , and the moment of inertia about the r 
axis is 856(10 6 ) mm 4 . Determine the area A. 


/, = I , +Ad 2 = SSôflO 6 ) - A(250)' 
J C — 1 x ’ +/y - 

548(10'’) = 856(10 h ) - A(250) 2 + 383(10 h ) 



A = 11.1(10 3 )mm : 



10-27. The beam is constructed from the two channels 
and two cover plates. If each channel has a cross-sectional 
area of A, = 11.8 in 2 and a moment of inertia about a 
horizontal axis passing through its own centroid, C,, of 
(/—)c. = 349 in J , determine the moment of inertia of the 
beam about the jt axis. 


/, = 2^-pj(12)(l) J +(l)(l2)(l0.S) J +2(349) 



= 3.35(10') in J 
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* 10-28. The beam ts constructed t'rom the tvvo ehannels 
and tvvocover plates. It'each channel has a cross-sectional 
area ol /1 ( = 11.8 in : and a moment of inertia about a 
vertical axis passing through its ovvn centroid. C,. of 
(Dc = 9.23 in 4 determine the moment of inertia of the 
beam about the v axis. 


10-29. Deterrnine ihe momenl of inertia of the beam’s 
cross-sectional arca vvith respect to the centroidal axis. 
Neglect the size of all the rivet heads, R, for the 
ealculation. Handbook values for the area, moment of 
inertia, and location of the centroid Cof one of the angles 
are listed in the figure. 


1 , - 1(15X275)’ +4^1.32(10*)+ 1.3«(10 3 )^ “ 28 ) ] 
+ 2^1 (75)(20)’+ ( 75 )( 20 )[^ + 10j j * 162( IO 6 ) mm* 


* ~ 2 [^0)(12)’] + 21(9.23) + 11.8(6-1.28) 2 ] 

= 832 in Ans 
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10-30. Locate the centroid v of the cross-sectional area 
for the angle. Then tìnd the motnent of inertia /., about 
the x' centroidal axis. 


Centroid: The area of each segment and ils respeclive centroid are 
tabulated below. 

Segmenl d(in 2 ) J(in.) JM tn J ) 


ŷ _ ÍM = = 2.00 in. Ans 

E.4 24.0 

Moment of Inertia: I'hc moment of inertia about the x' uxis for each 
seement can be detenníned using the parallel - axis theorem /, = 
L + Ad). 

Segment /t,<in 2 ) {d,),( in.) (7,.)i(in 4 ) (Ad)),( in J ) Uxd.On 4 ) 

1 2(6) I f(2>(6’) 12.0 48.0 

2 6(2) I í(6)(2 3 ) 12.0 16.0 


I —r - 

f © —— 

3 m. © , 


/ v = E(/, ), = 64.0 ín 4 



-1 


1ÌT+"’- 


-—LA- 


10-31. Locate the centroid x of the cross-sectional area 
for the angle. Then find the moment of inertia />■ about 
the y' centroidal axis. 

Centroid: The area of each segment and ìts respective eentroid are 
tabulated below. 

Segment A(in 2 ) 7(in.) xA(in ) 

1 6 ( 2 ) 1 ! 2.0 

2 6(2) 5 60.0 

53 24.0 72.0 



ExA 72.0 


Moment of ìnertia: The momenl of inertia about the y' axis for each 
segmcnt can be determined using the parallel - axis theorem / v < = 
7 y + AJf. 

Segment A,(in 2 ) (f/ r ), (in.) (/^),-(in 4 ) (Arf 2 ), (in 4 ) (/,.<),- (in 4 ) 

t 6(2) 2 îW(6)(2^) 48.0 52.0 

2 2(6) 2 -|^(2)(6 3 ) 48.0 84.0 

Thus, 

/,.. = E (/, ), = 136 in 4 Ans 
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*10-32. Dclcrmine thc distance ,v to the centroid of the 
heam's cross-sectional area: then find the moment of 
inertia ahout the v' axis. 


Centroid : The area of each segment and ils respective centroid are tabulated below. 


Segment A(mm J ) x(mm) 

xA (mm 3 ) 

1 160(80) 80 

1.024(10*) 

2 40(80) 20 

64.0U0 3 ) 

I 16.0U0 3 ) 

1.088(10*) 

; 1.088U0 6 ) 

™ 4Û f) fvxen 

L4 16.0( 10 3 ) 

— oo.u mm 


Moment of Inertia ; The momem of úiertia about the y' axi s for each segment can be determined 
using the parallel -axis theorem l y - - ì y . +Adf. 

Segment 4.(mm 2 ) (i.).(mm) (/,.) | (n» < ) (AJf). (mm«) (/,.). (mm') 

1 80(160) 12.0 Jj-ísoHieo 3 ) i.8432(to*) îq.uooo 6 ) 

2 80(40) 48.0 ^j-(80) (40 3 ) T.mSdP) 7.799(10‘) 


‘r = £ (4 ), = 36.949( 10 s ) mm 4 » 36.9( 10 6 ) mm 4 Ans 


>*.■i ï- C • d 


h-j--120 mm 

40 nim 


/&C rn/r) 

fS) 


-l i 

r II A-Cm^. 


8 Onis i 

r 


44**^ 

4-3-0 

rr\e\ 


| fTD 


','~Û0 '«'*i a. 

OO*"*! 

v(l) ACnrn 


10-33. Determine the moment of inertia of the beam's 
cross-sectional area about the x' axis. 


Moment of Inertia : The moment inertia for the rectangle about itscentroidai 
axis can be determined using the formula, I x . = — bh?, given on the inside back 
cover of the textbook. 

4 =^(160)(l60 3 )-i(120)(80 3 )=49.5(i0‘) mra 4 Ans 



634 






www.usacingenieria.blogspot.com 


10-34. Determine the moments of inertia of the shaded 
area about the x and y axes. 


y 



1 , = [-L(6)(I0)-' +6(10, (5) : ] - [1(3)(6> 5 + Q) (3)(6)(8) 2 j 

- [ijr(2) 4 + rr(2) 2 (4) : j = 1.192(10') 

= [1(10)16)’ +6(10)(3) ; j - [l(6)(3ì' + [ (6)(3)(5) 2 j 

- [[.t(2) 4 + 7r(2) 2 (3) 2 j = 364.8 in 4 


Ans 


Ans 


10-35. Determine the moment of inertia of the beam’s 
cross-sectional area about the x' axis. Neglect the size of 
the corner welds at A and B for the calculation, 
ŷ = 154.4 mm. 



15 


Moment of Inertia: The moment of inertia about the x' axis for each 
segment can be determined using the parallel - axis theorem /, = 

7 r + Ad;. 


Thus, 


I, = £(/,-), = 95.898(10“) mm 4 = 95.9(10“) mm J Ans 


15 mm, 150 mm 


Segment 


(dy)i(mm) 

(/,), (mm 4 ) 

(Ad 2 ),(mm 4 ) 

(/,), (mm 4 ) 


1 

150(15) 

146.9 

^(150,(15’) 

48.554(10“) 

48.596(10“) 


2 

15(150) 

64.4 

i(15)(l50') 

9.332(10“) 

13.550(10“) 

150 mm 

3 

tt(50“) 

60.6 

n . 

T (50*) 

4 

28.843(10“) 

33.751(10“) 



©- 


* i ~ '~f 
♦-15 mmj 

© 



146.9 mm 
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* 10-36. Compute the moments of inertia / r and /,. for the 
beam's cross-sectionàl area: about the v and v axes. 



4 = ^(!70)(30) 3 + 170(30)(15) ! 

+ ^(30)( 170) 3 + 30(170)(85) 2 
+ —(100)(30) 3 + 100(30)(185) 

4 = 154(10 s ) mm‘ Ans 

4 = -^(3O)(170) 3 + 30(170)(115) 2 
+ ~(!70)(30) 3 + 30(170)(15) 2 
+ -^(30)(100) 3 + 30( 100)(50) 2 

4 = 91.3(10‘) mm‘ Ans 


10-37. Determine the distance v to the centroid C of 
the beam's cross-sectional area and then eompute the 
moment of inertia 7 r about the ,v' axis. 


30 mm 


30 mm 



140 mm 


30 rnm 170mm 


v * 1 70(30)(15 ) + 170(30)(85) + 100(30)(185) 
170(30) + 170(30) + 100(30) 

= 80.68 = 80.7 mm Ans 

4- = [ r2 (l 7 0)(30) 3 + 170(30)(80.68 - 15) 2 j 
+ [ r (30)(170) 3 + 30(170)(85 - 80.68) 2 ] 
+ —(100)(30) + 100(30)(185 - 80.68) 2 

4 =67.6(10‘) mm‘ An* 


10-38. Determine the distance .v to the centroid C of 
the beam s cross-sectional area and then compute the 
moment ot inertia /, about the y' axis. 



: = 2 70 ( 30)( 115) + 170(30)(15) + 1 « 
170(30) + 170(30) + I 00 (j 


“ «159 = 61.6 t 


4- - [ r (30)(I70) 3 + I70(30)(115-61,59) 2 ] 

+ [ r (170)(30) J + 30( 170)( 15 -61 59 ):] 
+ r (30)(100) 3 + 100(30)(50-61.59) 2 


îy' — 41.2(10*) tnm 4 


Ans 
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10-39. Locate the centroid v of the cross section and 
determine the montent of inertia of the section about the 
,ï' axis. 



! ! | ! I j 

u--i---j- 0 t m ■*+*-— - -“ 

0.2 m 0.2 m 0.2 m 0.2 m 


Centroid: The area of each segmenl and ils respective cemroid are 
tabulated below. 


A(m’) 

j(m) 

3>A(m 3 ) 

0.310.4) 

0.25 

0.03 

1(0.4X04) 

1.1(0.05) 

0.1833 

0.014667 

0.025 

0.001375 

0.255 


0.046042 

0.046042 

0.255 

= 0.I80() m =0.181 


Moment of Inertia: The moment of ínerlia aboul the .r axis for each 
segment can be delermined using Ihe parallel - axis iheorem ì■ — 

I, + Ar/Í. 

Seg- Ai( m 2 ) (d,),<m) (7,),(m 4 ) (AdJ),(m 4 ) (/,),(m 4 ) 

ment 

1 0.310.4 ) 0.06944 i(0.3)(0.4 5 ) 0.5787(10- 3 ) 2.17X7UO 5 ) 

2 ~(0.4)(0.4) 0.002778 | 1 (0.4)(0.4’) 0.6173(10“'’) 0.7117(10 ’) 

3 '1.1(0.05) 0.1556 i(l.I)(0.()5 3 ) 1.3309(10-’) 1.3423(10-’) 


0.2 m 0.3 in 0.2 m 


0.1833 m 

nrfc 


M !«< 


> 0.025 m | t 


© l.lm 

,0.2 rtì| 0.3 m |0-2 in| ŷ = 0.1806 m 


0.06944^ ® \d \ (M 


0.002778 
1.1 m 


= E(/, ), á 4.233(10"’) m 4 = 4.23(10’’) 



*10-40. Detemtine y, which locates the centroidal axis 
x' for the cross-sectional area of the T-beam, and then 
find the moments of inertia /y and 


Ev/t 125(250X50) + (275) (50) (300) 

V _ E/t ~ 250(50) + 50(300) 

— 206.818 mm 

ŷ ~ 207 mm 

7,. = |j~(501(250)’ + 50(25())(206.818 - J25)’j 

+ |j~(300)(50)’ +50(300X275 - 206.818) 2 j 
7, = 222(10'’) mm 1 


/, = \(250)(50)' + \(50)(300>’ = 115(10*) nim 4 Ans 
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10-41. Determine the distance T to the centroid for the 
beam's cross-sectional area; ttten deterntine the moment 
of inertia about the x' axi.s. 




+!-;- 

!■ ■SÔTÍS? r7?mnv 

1 (K) mm 



-75 mm Và -n 

1 l*) mm 1 


Centroid: The area of each segment and its respective centroid are 
tabulated below. 

Segment A(mm l ) 7(mm) JA{mm 3 ) 

1 50(1 (X» 75 V5(UÝ) 

2 325(25) 12.5 101.5625(I0 3 ) 

3 25(100) -50 -125U0 3 ) 

E 15.625()0 3 ) 351.5625(10') 

Thus, 

ETA 351.5625(10') 


SA 15.625(10') 


: 22.5 mm Ans 


Moment of Inertia: The momcnt of inertia about the a-' axis for each 
scsment can be determined using the paralíe! - axìs theorem ì x — 

/>■ + AJ’. 


50 mm 25 mm 25mm-) (,mm 

L i ( i 175 tnm , V, / i 


12.5 mm /©[, 25 mm 
100 mm • — 


|_j 50 mm 

-*| (’•- 25 nun 


Segment 

A,(mm 2 ) 

(d y )i (mm) 

(ti')i(mm') 


(fr')i(mm 4 ) 

J 

5 (X100) 

52.5 

i(50)(100') 

13.781(10 6 ) 

17.948(10*) 

2 

325(25) 

10 

ì(325)(25-') 

0.8125(10*) 

1.236(10*) 

3 

25(100) 

72.5 

Í<25)(I00’) 

13.141(10*) 

15.224(10*) 


/ x . = E(/ t ), = 34.41(10*3 mm 4 = 34.4(10 6 ) mm 4 Ans 


50 mm 25 m ni 25 mm ‘ 

i , ì ,|, ( ,| 175 ■ nni . | ).| f 

nT«-îf“rL 


72.5 mm | 10 mm ç. _ 22.5 mm 

-*- • 100 mm 

®LU 

—\ h25 mm 
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10-42. Determine the moment of inertia of the beam s 
cross-sectionai area about the y axis. 



M 


25 mm 


Momenl of Inertia: The moment of inertia about the v' axis for ettch 
segment can he determineti using the parallel-axis theorem /, = 

I y + Aíly. 

Segment A, (mm 2 ) (d,i/(mm) (7,)i(mm 4 ) (Ad;) ( (mm J ) (/,.) ( (mm 4 ) 

1 ->| L00(2S)J 100 i(IOO>«5’) 50.0(10'’) 50.130(10«) 

2 25(325) 0 1 Ç(25)(325 , J 0 71.519(10«) 

3 100(25) 0 2(100)(25 3 ) 0 0.I30( 10 6 ) 

I'hus, 

ly = £(/v ), = 121.78(10«) mm 4 = 122(I0 6 ) mm 4 Ans 



10-43. Determine the moment of inertia h of the shaded 
area about the x axis. 

/, = ^(6)(6) 3 +6(6)(3) : j 

+ [Ì (3K6) ' + (Ì) <3)(6)(2)Î ] 

+ [^r(9)(6) 5 + ^(6)(9)(2) 3 J 


V 



/, 


» 648 in 4 


Ans 


*10-44. Determine the moment of inertia / v of the 
shaded area about the v axis. 

/, = [^(6)(6) 3 +6(6)(3) ; j + [^(6)(3)’ + j(6)(3)(6 + l) 2 J 
+ [2(6)(9) 3 + i(6)(9)(6)-l = 1971 in 4 Ans 


y 
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10-45. Locate the centroid y of the channel's cross- 
sectional area, and then determine the moment of inertia 
with respect to the x' axis passing through the centroid. 


HA _ 0)(12)(2) -r 2K3)(6)f2)t 
12 ( 2 ) + 2 ( 6 )( 2 ) 


= 2 in. 


Ans 



10-46. Determine the moments of inertia / c and / v of 
the shaded area. 



10-47. Determine the 
parallelogram ahout the 
centroid C of the area. 


moment of inertia of the 
t axis. which passes throush the 



= 503 in 4 


Ans 



*10-48. Determine the moment of inertia of the 
parallelogram about the y' axis. which passes through the 
centroid C of the area. 


v v' 



x - acos0+— y 0 * 9 = j(acos6+b) 


t’- 2 [ï6<™<'0><ocose) , + l(asine>(acose)(* + fcose-lacose) 2 ] 


An$ 


b 


+Tï(asin6)(b-acas6) 
-^{b' + a'cas'e) 
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10-49. An aluminum strut has a cross section referred 
to as a deep hat. Determine the location y of the centroid 
of its area and the moment of inertia of the area about 
the x' axis. Each segment has a thicltness of 10 mm. 




Ctntroid : Thc area of each segment and its respective centroìd are tabuiated below. 


Segment d(mm 2 ) /(mm) /Â(mm 3 ) 

1 40(10) 5 2.00( 10 3 ) 

2 20(100) 50 lOO.OdO 3 ) 


60(10) 

S.OOdO 3 ) 


57-OdO 3 ) 
159.0( 10 3 ) 


. lŷA 159.0(10») „ A 

y =-=-= 53.0 mm 

1A 3.00U0 3 ) 



/ QfDfT) — 


Moment of Inertia : The moment of inertia about thc x' axis for each segment can be determined usin 


the paralJei -axis theorem l x . - I z . +Adf. 


Segment 

A, (mm ! ) 

(d, ) . (mm) 

(/,.), (mm') 

(A<í/) . (mm') 

(/,.), (mm 4 ) 

1 

40(10) 

48.0 

1 V( 4 °)uo 3 ) 

0.9216( 10») 

0.9249(10*) 

2 

20(100) 

3.00 

ìVtzoxioo 3 ) 

O.OlSdO 6 ) 

1.6847(10*) 

3 

60(10) 

42.0 

4^(60) (10 3 ) 

1.0584(10*) 

1.0634(10*) 


1, = !(/,-), = 3.673( 10 6 ) mm 6 = 3.67( 10 6 ) mm 4 Ans 


20r\rr, 


4ÔO*\o\ 

r. rr 

lOi'in —* 
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10-50. Determine the moment of inertia of the beam’s 
eross-sectiona 1 area with respect to the x' axis passing 
through the centroid C of the cross section. Neglect thf 
size of the corner welds at /1 and B for the calculation y 
= 104.3 mm. 7 


the paralld -axis tfieorem /„, = +Adf. 


Segment zl, (W) (rf,) <( ,ntn) (4,) (mnl<) ( Arf/ ) (rnm , 


rr( 17.5 2 ) 
15(150) 
tr(25 2 ) 


ý( 17.5") 12.329(10«) 

îV( 15) (150 3 ) 0.964(10«) 

î(25‘) 12.347(10«) 


') (f ,•), (mm«) 

12.402(10«) 
5.183(10«) 
12.654(10«) 


4- =1(4 ), = 50.24( 10«) mm« = 30.2( 10«) Ara 




J W 

^0 mm 


SSdí' H° f ,he Cen,m ' d of 'he 

-mentofi„er,iaônra^S^f Ulate ^ 


CtH,rOU •' TÌKlra ° fCaCh -Pcctìve OTlroid « ^ Wow 


Segment A ( mm i) y (mm) y A(mm3) 

1 100(250) 125 3.125(10«) 

250(50) 25 0.3125(10«) 


37.5Í10 3 ) 


3.4375(10«) 


v= ™ - 3.4375(10«) 



izb I I 

50mfr)—i^ j. 




£4 37.5 ( 10 3 ) ~ 9I - 67mm -91.7mm Ans 

T" îS Tr <«■>.<-> 

2 S í * <l “‘ !í0 ’> m.»», i 

250(50) 66.67 ±(250X50=) 55.556(10«) 58.16(10«) 


,/ri ( £SOmtr\^ ^ 50 mtn 


4- Z( 4 ), =216.15(10«) mm‘ = 216(10«) mm« Ans 
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HO-52. Determine the radius of gyration k x for the 
column's cross-sectional area. 



10-53. Determine the moments of inertia of the 
triangular area about the x' and y' axes, which pass 
through the centroid C of the area. 



b 


/, = -^(500)(100) 3 + 2^(100)(200) 3 + (100)(200)(150) 2 ] 
= 1.075(10’) mm 4 


K = 


1.075(10*) 

90(10*) 


109 mm 


Ánj 


4' = + ’h(b~a)h i = ^ïbh* An« 

b +a 

U k(b)(a) + $h(b-a) ~ 3 

4' “ + |M *í*- f a) 3 + ^h(b- II) 3 + i*(i-a)( a + ta_ i±j) 2 

= -<* + „’) Am 


*10-54. Determine the product of inertía of the shaded 
portion of the parabola with respect to the x and y axes. 


Diffarantial Eitmtnt: Hcrc. x = /SÇ+.Ì 

paj-alleJ . = ^ = — 

for U, B elemem i = 0. ý r 77,«, produc , of 

‘U’j = 4 ■f+dAiỳ 

= O + Çl/sdy'dy ỳo )(y) 


= 0 


Ptoduct 0f Inertia : Performmg the 


eiícgrauon, wehave 

= Í4, =0 


Ans 


N ° te : By mSpection ' 4, = 0 rmce the shaJed are, i, svm _ , k 
axrs. a 15 s ymmetncaJ al>out the v 
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- 8 in 4 


Ans 
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10-59. Determine the product of inertia of the shaded 
area with respect to the x and y axes. 


Differtntial Eiement : Here, y = / 4 -jr 2 . The area of the differeniial 
element parailel to the y axú ia dA = ydx = /4 ^dx . The cooidinates of the 
centroid for this element arei = x, ỳ = l = í/ 4 ^?. Then the product of 
mcma for this eieraent is 


= àJ t -y- + dAxŷ 

= 0+ ( f*-x*dx) ( J[ )Q/4-x I ì 

Product of Inertia : Paforming the integration, we have 
t J /*2ia. 

Ío = J= 2 (4jc-x 3 ) dx 



»10-60. Determine the product of inertia of the shaded 
area with respect to the .r and v axes. 


>- = l - O.í.v 



dA = ydx 


-4,-f * 


= / 2 r(* - 0.5jr 2 ) û!r 
0 z 

■ïí-K 


0.333 m Ans 
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10-61. Determine the product of inertia of the shaded 
area with respect to the .r and y axes. 



X 


X 


ŷ = 


y 

2 


dA = xdy 


dhy 



I,y == í dhy 



= b 1 h 2 Ans 


* 10-62. Determine the 
area with respect to the 


product of inertia of the shaded 
x and v axes. 


Differeníial Element : Thc arca of thc differcntial element paraUel to the y 
axis i s dA = ydx - ■ Th c coordinates of the centroid for this 

y 1 / ‘ i \ 2 

element are x = x, ŷ - - = -x l J . Then the produci of inertia for this 

clement is 


d! ,j -d!,-y- +dAxŷ 

= -^jc 3 + a 2 x -f-6ar 2 -Aa l x' 1 -4a l x*^dx 
Product of ìnertia : Performing the integration. we have 

+ a J j + 6ar ! - 4a : x : - 4a : x : ^jdx 

1 (x* a 1 2 , 8 > > 8 ' D| a 

2{4 2 5 7 )\ 0 


280 


Ans 
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10-69. Determine the product of inertia of the cross- 
sectional area with respect to the X and y axes that have 
their origin located at the centroid C. 


Froducl of Inertia : Thc arca for each segmenc ils centroid and product of 
incnia with respcct to x and y axes are tabulated below. 



Segment A t (in 1 ) (d,) t (in.) (<f, ) ( (in.) (l M , ).(in 4 ) 

1 3(1) 2 3 18.0 

2 7(1) 0 0 0 

3 3(1) -2 -3 18.0 


^ © 


(Dî-r- |Ti/n- 


4, =1(4,).= 36.0 in 4 


/> oTl ® • 
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w w-^ in w»^^ê t î.m U ct of inertia of 
sectional area with respect to the Jt and y axes. 


ot the cross 


Product of Inertia: The area for each segraent, its centroid and product 
of inertia with respect to x and v axes are tabulated below. 

Segment Aj(mm 2 ) íd x I,(mm) (</,),(mm) (/„ l, (mm 4 ) 

1 100(20) 60 410 49.2(10 6 ) 

2 840(20) 0 0 0 

3 100(20) -60 -410 49.2(10 6 ) 


/,v = E(/,v)/ = 98.4(10 6 )mm 4 Ans 


20 mm frv'lOO mm 


60 mm 
400 mm 



t )-100mm-| |— 20 


20 mm 4:c 
T t 


(5) 410 mm 


*ÍO-72. Determine the product of inertia of the beam’s 
cross-sectional area with respect to the x and >> axes that 
have their origin located at the centroid C. 


/,v = 5(l)(5.5)(-2) +5(l)(-5.5)(2) 


0-Sin. 

‘, m ■ I 1A 

J". ---I 


= —110 in 4 Ans 


- 5 in.-—-5 in. - 


i.-- 


10-73. Determine the product of inertia for the angle 
with respect to the x and y axes passing through the 
centroid C. Assume all corners to be square. 


EíA 0.125(0.25)(3) + 1.625 (0.25) (2.75) 

x = - = - = 0.8424 m 

EA 0.25(3) + 0.25(2.75) 


_ ZỳA 1.5(0.25)(3)+ 0.125(0.25)(2.75) 

v = - = - = 0.8424 ìn 

EA 0.25(3)+ 0.25(2.75) 

Product of inertìa about j: and y axes: 

/ = 0.25(3)(0.7174)<0.6576) + 0.25(2.75)(-0.7826)(-0.7174) 



; 0.740 in Ans 
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10-74. Determine the product of inertia tor the beuni s 
cross-sectional area with respect to the n and t' axes. 

Momenis of ineilia /, and /, 

/, = ± ( .«X)H4<X» 5 - iCSOlDM)-’ =511.36(10)'’ mm' 

I - 2j ! ,(2())(300)M + (=(360t(20) ? = 90.24(10)" mm 4 

The scction is symmetrie ubout (toth x und y axes; therefore /„ = 0. 

I, n = — - — sin 20 + A, coalH 

= ^ sín40 + Ocos 40" ) 10 h 



= I35t 10) 6 mm 4 


Ans 


10-75. Determine the moments of inertia /„ and /,, of 
the eross-sectional area. 

Moment and Product oflnertia aboutx andy Axes: S'mce the shaded 
area is svmmetrical about the v axis, /,> = 0. 

/, = -1(40)1200'> + 40{200)(120 2 ) + l(200)t40M 

= !42.93( Î0") mm 4 

/, = 1(2(X))(40') + 1(40)(200’) = 27.73(10''’) mm J 

Moment of ìnertia about the Inclined u and v Axes: Applying Eq. 10- 

9 with 0 = -30°. we have 

I K + /c I x - l v 

/., — ----- + —-—- cos 2(t - I yy sin 20 

/ 142.93 + 27.73 142.93 - 27.73 

= I -- - +---cos(-60 ) 

- 0|sin(-60")l) (10 6 ) 

= lMflO 6 ) mm 4 Ans 

, / t + A /, - f 

/, = —^-COS 20 + / tv sin 20 

( 142.93 + 27.73 142.93 - 27.73 

- y -j-ô-cos(—60') 

— 0|.sin(—60°)|^ (I0 6 ) 

= 56.5(10 h ) mm 4 Ans 
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*10-76. Determine the distance v to tlte centroid of the 
area and then calculate the moments of inertia /„ and I, 
of the channel’s cross-sectional area. The u and v axes 
have their origin at the centroid C. For the calculation. 
iissume all comers to be square. 


_ 300( 10X5) + 21(50)001(35)1 , „ , 

y =-— I2.fi mm 

J 300(10) 4- 2(50)110) 


I x = — <300)(10) 3 + 300(10)(12.5 - 5 y 



+ 2 — (10X50) 3 + 10(50X35 - 12.5V 


= 0.9083(10 h ) mm'* 


/. + /, /, - / , 

/„ = .+ —-—- cos2(/ — /., sin 20 

2 2 


0.9083( 10 h ) +43.53(1 G 6 ) 0.9083(10 h )-43.53(10 6 ) 

---1---cos 40 - 0 


/ r = (10X300)' + 2 -p-(50)(10)' + 50(10)(150 - 5V 


= 43.53(llr) mm 4 


= 5.89ÍI0 6 ) mm 4 


/v + / t /> “ /v 

/, = — ~ 2 ' C<)S 20 + lx ' sin 10 


/ vv = 0 (By symniclrv) 


().<)083( í(f)+43.53(10 6 ) tì.9083( 10^) — 43.f53(10 6 ) 


= 38.5( l() 6 ) mm 4 


* 10-77. Detennine the moments of inertia of the shatled 
area with respect to the u and i> axes. 


Moment and I*roduct of Inertia about x andy Axes: Sinee the shaded 
area is symmetrical about the x uxis, / vv = 0. 

= 4,1)15')+ 4(4X13) = 10.75 in J 


/, = --+ 1)(4 3 ) + 1(4)12.5 2 )+ —(5)(1') = 30.75 in‘ 

Moment of Inertia about the Inclined u and v Axes: Applying Bq. 10- 
9 vvith 0 = 30°, we have 



, I, + / v . /, - / v 

/„ = —— 1 +- 


+ -cos 20 — / vv sin 20 


10.75 + 30.75 10.75 - 30.75 . 

-—- 1 -cos60 — 0(sin60 ) 


I x + / v I x - / v 

I, = --—-- cos2() + / tv sm 20 


10.75 + 30.75 10.75 - 30.75 

-----cos60’ + 0(stn 60') 



II in. 4 in. 


655 







com 


10-78. Determine the directions of the principal axes 
with origin located at point O.and the principal moments 
of inertia for the rectangular area about these axes. 


4 = ^(3)(6) 5 + (3)(6)(3) J = 2t6in* 

4 = ^(6)(3) J + (3)(6)(1.5) 2 = 54 in* 
4, = x~yA = (1.5)(3)(3)(6) = 81 in 4 


tan 20 


- 2 /„ 

4 - 4 


-2(81) _ 

216 - 54 " 


e = -22.5° 

Ans 

, 4+4 

l(LiL) 2 

2 X ' 

1 1 2 J 

Imm = 250 in 4 

Ans 

I mtH = 20.4 in 4 

Ans 


216 + 54 




3 in. 



6 in. 


x 


10-79. Determine the moments of inertia / / and i 
° f ‘ he bCam ' S cross ' se cì*onal ar 



4 = -( 20 )( 2) 5 + 20 ( 2 ) 0 )* + ( 4 )( 16) 3 + 4 < 16 )( 8) 2 

= 5.515O0 5 ) in" 

4 = ^( 2 )( 20) 5 + - i ( 16 )( 4) 5 

= 1.419O0 5 ) in 4 

4. = 0 


5.515 + 1.419 


cos2S - / sin26 


5.515 - 1.419 . 

(10 ) + ---(10 5 ) cos90° - 0 


= 3.47(10 5 ) in 4 
4 = 3.47(10 5 ) in 4 


Ans 

Ans 


L - 

L = - 


2 sin2e + I xy cos20 
5.515- 1.419 


“(l(r) sin90° + 0 


= 2.05( 10 3 ) in 4 


Ans 
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*10-80. Determine the directions of the principal axes 
with origin iocated at point O. and the principal monients 
of inertia of the area about these axes. 


I, = ^(4)(6) 5 + (4)(6)(3) : j - j^T(l) 4 +t(I) ; (4) : ] 
= 236.95 in J 

/,. = [7(61(4)-’ + (4)(6)(2) : ] - |]jT(l) J + t(1) j (2) : ] 

= 114.65 in J 

/„ =|0 + (4)(6)(2)(3)1-|0 + t( 1)(2)(4)|= 118.87 in J 

-/,, -118.87 

tan2/V - _ /( - ,236.95 - 114.65) 

2 2 

Sp = -31.388”; 58.612" 

Thus. 

6,1 =-31.4°; 6,-2 = 58.6° Ans 


2 in. 2 in. — 


.7 

( \ 

2 in. 

\4A 

i 

4 in. 

_L—— 


/. + /. ///. - /, 7 

' 2 ' T V ( 2 ) 


236.95 +114.65 // 236.95 - II 4 . 653 ; , , 

-—-±y(-ï-) +‘ lls ' 87 >' 


/,„„., = 309 in Ans 
/,,„■„ = 42.1 in J Ans 


10-81. Determine the principal moments of inertia of 
the beatn’s cross-sectional area about the principal axes 
that have their origin located at the centroid C. Use the 
equations developed in Section 10-7. For the calculation, 
assutne all corners to be square. 


‘-[^(i)(-i) ,j i(-i) |( 7 B 

♦Mi)’ 

= 13.89 in J 

I x y = 'EYvA 

- —2[( 1.813 -f-0.1875)(3.813)(3.625)(0.375) [ 4-0 
= -20.73 in J 



h— 4in --1 


/, + /, , /77 - /, ~ 

•nta\/iHin j y y ^ ‘ 


± 7^55 - 13.89 J + ( _ 2073)2 


/„„„ = 64.1 in J * 
/„„„ = 5.33 in J 
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10-82. Determinc the prmeipal moments of incrtuii tor 
hcunaics cross-scctionu. urcu with rcspect to a «t o 
principul uxes that have thcir ongtn locutcd■ at thc 
eentroid CM se thc cquation Jcvclopcd tn SeUaçm 10 7 . 
For thc euiculation. assume all eorners to be square. 


/, = [^ 20 ^ 100)î + t00(20)(50 - 32.22) 2 [j 
+ [2(80)(20) J + 80(20)(32.22- 10) 2 j 

= 3.142(10*) mm* 

1' y = [-Ì(100)(20) J + 100(20X32.22- 10) 2 j 

+ [—(20)(80) J + 80(20)(60- 32.22) J j 


100 mm ■ 

'' 32.22 m 


1 = ZxŷA 


-(32.22— 10)(50 —32.22)(100)(20) - (60-32.22)(32.22- 10)(80)(20) 


/. + L r -/, 


= 3.142(10‘)± y'O + {(-1.778X10 6 )} 2 


10-83. The area of the cross section of an airplane wing 
has the following properties about the x and y axes passing 
through the centroid C: 7 t = 450 in 4 , 7 V = 1730 in 4 , 
7 tv = 138 in 4 . Determine the orientation of the principal 
axes and the principal moments of inertia. 


/„„ = 4.92(10 ) min Ans 


/,i. = 1.36(10‘) mm* Ans 



tan2e= -^2- = -2(138) 

4 - 4 450-1730 

e = 6.08° Ans 




450 + 1730 . /f450-1730V 2 

" 2- * ï(-2- J + 1382 

4.„ = 174(10’) in" Ans 


4,,. = 435 in" 
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*10-84. Determine the moments of inertia /„ and / L . of 
the shaded area. 



Mument and Product of fnertia about x and y Axes: Since the shaded 
area is symmetrical about the x axis, l xy = 0. 

/, = •^(200)(40 3 ) + ^(40)(200 3 ) = 27.73(10^) mm J 

/,. = ^(aOX^OO 3 ) + 40(2()0)( 12Q 2 ) + ^(200)(40') 

= 142.9300 6 ) mm J 

Moment af Inertia about the Inclined u and v Axes: Applying 
Hq. 10-9 vvith 0 = 45 c . we have 


I u = ^ 1' -f ^ cos 20 - / xy sin 20 


_ ^ 27.73 + I42. 1 


')~ì 73 _ {42 Q3 \ 

— + —---— cos90° - 0(sin 90°) J ( lO'’) 


= 85.3{ 10 6 ) mm 4 


/ _ _ì 'tJ .L _ - ----- cos 20 + I xy sin2tf 

2 2 


( 27.73 + 142.93 27.73 - 142.93 


- cos90° — 0(sin90°)) (10”) 


= 85.3(10 6 ) mm 4 



659 




' i A i' .luuu i i ym ngi i y.u i uyiapuL. com 

tO-8S. Solve Prob. 10-78 using Mohr's circle. 


Soe sohióon to Prob, 10-78. 
I. = 216 m‘ 

7, = 54 m* 

1„ = 81 in* 

Ccner of circle: 

R = /(216 - 135)4 
Í.4, = 135 + 114.55 
= 135 - 114.55 



135 


I. * fr 


* (81) 1 = 114.55 
250 in* Ans 
20.4 in* Ans 


10-86. Solve Prob. 10-81 using Mohr's circle. 


See prob. 10-81. 
I x = 55.55 in 4 
Z, = 13.89 in 4 
I xy = -20.73 in 4 
Center of circle; 


R = /(55.55 - 34.72) 2 + (-20.73) 2 
I max = 34.72 + 29.39 = 64.1 in 4 
I min = 34.72 - 29.39 = 5.33 in 



29.39 in 
Ans 

Ans 
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10-91. Determine the moment of inertia of the thin ring 
about the z axis. The ring has a mass m. 


I r = f p A(RíIO)R 2 = 2jt p A 

J l) 

m = f p A RdO = 2 .t p A R 
Jo 



Rde ^ 



21 
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*10-92. Detemiine the moment of inertia /, of the right 
circuhir cone and express the result in terms of the total 
mass m of the cone. The cone has a constant density p. 


Difftrential Dìsk Element: The mass of the differential disk eiement 
ìs ílin = pdV = dx = pn j - \'^j tlx. The mass moment of 

incrtia of this element is dl. = - dmv 2 — - | pn ( — v/vì 
2 ' 2[' \h- ) } 

Total Mass: Perfonning the integration, vve have 

m= L íhn= L p * x ’) jx ~ pj jL~ (t)L = \ ,mr2h 

Mass Moment of lnertia: Perfomiing the intecration, we have 

/ í ,, T nnr * 4 , Ptrr' (x 5 \\" 1 

4 = ì "* = L ~2Îi rX dx = -W ItJL = To p!Tr h 

The mass moment of inertia expressed in terms of the total mass is 


l. = - ( l -prrr 2 h)r 2 = —, 

10\3' ì 10 


10-93. Determine the moment of inertia I x of the sphere 
and express the result in terms of the total mass m of the 
sphere. The sphere has a constant density p. 




y , , 

I ,*- + >- = , 



dm = pdV = p(ny 2 J.x) — pit(r 2 — x 2 )dx 


tl /, = -pn(r 2 - x 2 ) 2 dx 


'■ = í\ 


Ix = / -/)-T(r‘ - x l ydx 


.r 2 + v 2 = i 2 



- j pjx(r 2 - 


/ x = -mr‘ Ans 
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10-94. Determine the radius of gyration k x of the 
paraboloid. The density of the materiai is p = 5 Mg/nv . 

Differential Disk Element: The mass of the differential disk 
elenient is dm = pdV = pnv 2 dx = pn0Ox)dx. The mass moment 

of inertía of this element is dJ x = - dmy = -|/wr(50.v) dx |(50a) = 
— (2500 x 2 )dx. 

Total Mass: Performing the integration, we have 



■L-l ’ 


/>jr(?0.v) àx — prr(2Sx-)i:; , "" t " = 


Mass Moment af Inertia: Performìng the intcgration, wc havc 


/, = j dh = j ulx 

ptt ( 2500v , \| :00n ' n ' 

= TV _ 3 _ VI« 

= 3.333(10 g )ptr 



The radius of gyration is 


/77 _ / 3-333(10 V )/>?r 
V m V 1 ( IO f ')/).T 


57.7 mm Ans 


10-95. Determine the montent of inertia of the sentiel- 
lipsoid with respect to the x axis and express the result 
in terms of the mass m of the semiellipsoid. The material 
has a constant density p. 


■ 0 - 5 )- 


The mass 


Differential Disk Element: Here. = b 1 | 
of the differential disk element is dm = pdV = pny 2 dx - 
pnb" dx . The mass momenl of inertia of this element is 

"■ ■ ì*»’ ■ 5 h* 1 (' - ?)■"] [*■ (' - S)] - 
(((-¥■')■" 

Total Mass: Performing the integralion. we have 

m = L “ m = f p7thl ( 1 - 5 )= P7 "’- ( x - è) [ 


- pTTClb 2 


Mass Moment of Inertia: Performing the integration. we have 






y 



7"-f 


pnb 4 /.v 4 

~ w 





dx 


Tlie mass moment of inertia expressed in terms of the total mass is 


pnb 4 



/, = \ (7™7 

U, 4 3«-’ /l„ 



2 . 

~m/r Ans 


4 

Ï5 


pnab 4 
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10-98. Determine the moment ot' inertnt ot the 
homogenous triangular prism with respect to the \ axis. 
Express the result in terms of the mass tn of the prism. 
Hint : For integration. use thin plate elements parailel to 
the x-y plane having a thicRness ot dz. 


Differential Thin Plate Element: Here. .v = a - - ) The mass 
of the differential thin plate element is dm — pdV = phxdz = pab 
^ dz . The mass moment ot inei tia ot this eleinent about y 

axis is 

dly = dlii + dmr 2 



dmx 2 + dnt 


x' dm + z 2 dni 


Total Mass: Performing the integration. we have 

m = L = L p,, d' - j, ) ■= ,,7,h |„=ì 


pahh 


Mass Moment of Inertia: Performing the integration. we have 



. f ,, f h P°b ( ^ 3 a~ ■> 3 a~ a~ , , 3 z* \ .. 

/v = / df = I —— <r + — r-—: - —rz + 3 v -} dz Ìhe mass moment of inertia expressed in terms of the total mttss is 

J J(, 3 \ h- h h h ) 


P“b f ,_ V , a- , , í.: 4 \\' 1 

3 V í + h- Z 2 h Z 4A’ ' + : 4 h j 


, '(^W +/r > )= « (u -> + 


6 V 2 } 


Ir) Ans 


pahh 

12 


(ir +h ! ) 


10-99. The concrete shape is formed by rotating the 
shaded area about the y axis. Determine the rnoment 
of inertia /,.. The specific weight of concrete is y = 
150 lb/ft 3 . 


<1 /, = -(í/m)(10)4 - ifi/mjA- 2 

= 7 l'r/><IO) 2 </)'|(IO) : - i.7/>.r : dyx 1 



/. = 2 -7/> 


5-7(150) 


i°)‘(8) - (!) (l)m 


32.2(12ri 

: 324.1 siua -in 2 



Iy = 2.25 slug - ft- 


Ans 
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•10-100. Determine the moment of inertia of the wire 
triangle about an axis perpendicular to the page and 
passing through point O. Also, locate the mass center G 
and determine the moment of inertia about an axis 
perpendicular to the page and passing through point G. 
The wire has a mass of 0.3 kg/m. Neglect the size of the 
ring at O. 


Mii Momtnt of Inertia About an Axis Through Poinl O: The mui 
for eadi wire segment ism,= 0.3(01) = 0.03 kg. Hie mass moment of ineni. 
of each segment about an axis passing through the center of mass can be 

detemùned using (/ c ), = — m/ 2 . Applying Eq. 10-16, we have 
I 0 = ï(fc)j + ”t l d , 2 

= 2 [ïì ( °' 03) ( °'^ + 0 03 ( 0052 )] 

+ ~ (0.03) ( 0.1 J ) + 0.03(0.Isin 60°)’ 

= 0.450(10' 5 ) kg m J AnJ 

Location of Centroid: 

-_ ^2 = 2 t° 0îs in 60°(0.Q3)] + 0 . Isin60°(0.03) 

3(0.03) 

= 0.05774 m = 57.7 mm AnJ 

Mass Moment of Inertia About an Axis Through Point G : Using 
thercsult/o = 0.450( lO ’) kg m 2 and d = ŷ = 0.05774 m and applying 
Eq. 10- 16, wc havc 




\ 0-l'Sìn bO*rr 


OOSSmío'm/ 


\\Ol5fr)bo* rr 


0.450( iO ’) =/ c +3(0.03) (0.05774 2 ) 
Iq = 0.150( 10-’) kg m 2 


10-101. Determine the moment of inertia I. of the 
frustum of the cone which has a conical depression. The 
material has a density of 200 kg/nv’. 



0.4 m '5'i 


k = —t-tr(0.4) 2 (1.6)(200)](0.4) 2 
-•i()<r(0.2) 2 (0.8)(200)](0.2) ! 

"^ l 5’ t<0 - 4)í<0 - 6)<200)1(0 - 4)í 


( = 1.53 kg m 2 Ans 
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10-103. Determine the moment of inertia of the wheel 
about the x' axis that passes through point O. The material 
has a specific weight of y = 90 Ib/ft '. 


k 0.25 ft 


l-i M 

\tass Moment of Inertia About an Axis Through Point G: The mass 
moment of inertia of each disk about an axis passing through the center 

of mass can be determine using (tc), = -»/r 2 . Applying Hq. 10-16, 
we have 

Ì(ì = Y.(lc,)î + m t d~ 

= ![^] (2 5v;[^]a=, 

+ [ ,tQ.25^25HÇ>0 )] t|2) | 

= 118.25 slug • ft 2 

Mass Moment of Inertia About an Axis Through Point O: The mass 
of the wheel is 

7r(2.5 2 )(I )(90) tt( 2 : )(0.75)(90) 4 f7r(0.25 2 )(0.25)(90) 1 

- 3Ï2 - 322 - 4 [- 322 -J 

= 27.989 slug 

Using the result lo = 118.25 slug ■ ft 2 and applying Eq. 10-16, 
we have 

h> = t<; + 

= 118.25 + 27.9X9(2.5>) 

= 293 slug tr Ans 
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10-106. Determine the moment of inertia l z of the 
frustrum of the cone which has a conical depression. The 
material has a density of 200 Rg/m 3 . 


Mcut Momcnt of Intrtia About i Axis : From similar Irúngle». 

z = 0333 m. IhemassmomentofinertiiofMChconeiboutï 

0.2 0.8 ' 

3 2 

«xis can be deiermine using 4 = — mr . 

4 -«41, = ^[j(0.8 J ) (1.333) <200)](0.8 2 ) 

_ l[î(0.2 2 ) (0.333)(200)j(0.2 2 ) 

_ (°. 2 2 ) ( °. 6)( 2 00) ]( 0 - 21 ) 
= 34.2 kg m 2 Aiu 








10-107. The slender rods have a weight of 3 Ib/ft. 
Determine the moment of inertia of the assembly about an 
axis perpendicular to the page and passing through point A 





*10-108. The pendulum consists of a plate having a 
weight of 12 Ib and a slender rod having a weight of 4 lb. 
Determine the radius of gyration of the pendulum about 
an axis perpendicular to the page and passing through 
ooint O 6 


to = Eio + md 2 


* 4.917 slug- ft 2 

^Vm V 0.4969 


Trp 3 o- 
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10-109. Determine the moment of inertia of the over- 20 
hung crank about the r axis. The material is steei havtng 
a density of p — 7.85 Mg/tn’. L 


Let m — mass of one handle. 


m = p{nr*h) 


= (7.85 x I0 3 )n (0.010) : (0.050) 


= 0.1233 kg 


Let M — niass of bar. 


M = p(ahc) 

= (7.85 x 10 3 )(0.03)(0.18)(0.02) 



1 30 mm 

Jj_*_ 


For ihe assemblv. 


: 2 Qmr 2 + md 2 ^ + j^M(<r + ir) 

■- 2 ’ (0.1233H0.0IO1 2 + (0.l233)(0.060) : j 


+ — (0.8478)1(0.030)- -+ (0.18)-) 


: 3.25 x IfT 1 kg rrr 



10-110. Determine the moment of inertia of the over- 20 mm 
hung crank ahout the x' axis. The materiai is steel having I 
a density of p — 7.85 Mg/m J . 


Froill 10-109. m = 0.1233 kg. M = 0.8478 kg. and 
/, = 3.25 x J() 'kg ii] : . 

/,=/,+ (2m + M),l 2 

= 3.25 x 10 : +(2(0.1233)+ 0.8478R0.060) 2 

= 7.20 x l(r-' kg m- 
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10-111. Determine the location of y of the center of 
mass G of the assembly and then calculate the moment 
of inertia about an axis perpendicular to the page and 
passing through G.The block has a mass of 3 kg and the 
mass of the semicylinder is 5 kg. 


Locaiion of Ctniroid : 




\^ŷ •• - J 


Ivm 350(3)+ 115.12(5) 


= 203.20 mm =* 203 mm 


Mass Moment of Inertia About an Axis Through Point G : Thc mass 
moment of ìnertia of a rectangular bloclc and a semicylinder about an axis passmg 
through the center of mass perpendicular to thc page can be detcrmine using 

<4>c = p;' n (V + h2 ) and (4) c = 5 'nr í - m ^j = 0.3199mr 2 
respectively. Applying Eq. 10- 16, we have 


4.ÇL00) 

37f " VT1 ÌOOM» 




>c = £ <4 )c, +m A 2 

= ^ ( 3)(°.3 2 + °. 42 ) +3(°. 146 8 2 )] 

+ [0.3199(5)(0.2 J ) +5 ( 0.08808 2 )] 


= 0.230 lcg m 


*10-112. The pendulum consists of two slender rods AB 
and OC which have a mass of 3 kg/m. The thin plate has 
a mass of 12 kg/m : . Determine the location v of the 
center of mass G of the pendulum. then calculate the 
moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through G. 




—0.4 m—-0.4 m— 



ŷ = 1.5(3)(0.75) + y(0.3) 2 (12)(1.8) - »r(0.1)»(l2)(i.8) 
1.5(3) + ír(0.3) J (12) - >r(0.1)J(12) + 0.8(3) 

= 0.8878 ro = 0.888 ra Ans 


>o = y ^(° 8 )( 3 )( 0 . 8 ) ! + 0 . 8 ( 3 )( 0 , 8878) 2 
1 , 

+ ^ 0 - 5 )( 3 )( 1 . 5) 2 + 1 . 5 ( 3 )( 0.75 - 0 . 8878) 2 
+ ^ f 71 (°* 3 ) 2 ( 12 )( 0 . 3) 2 + ( ff ( 0 . 3 ) 2 ( 12 ) J( 1.8 — 0 . 8878 ) 2 
- -[/ r ( O . l ) ( 12 )( 0 . 1) 2 - [ n ( 0 . 1 ) 2 ( 12 )]( 1.8 - 0 . 8878) 2 


l 0 = 5.61 kg m 2 
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10-113. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis which passes through 
the eentroid C. 


Moment of Inertia : Thc momentof inertia about the x axis for thecomposite 
beam’ s ctoss secuon can be determined using the parallel - axis theoiem 

I, «ï(/,+A4 I ) i . 


+ 4 ^ (0.2887</) + ^(0.2887d)[‘ 


= 0.0954^ 




J ! <#6 

OlbZldL 


alMltL 


10-114. Determine the moment of inertia of the beam s 
cross-sectional area about the y axis which passes through 
the centroid C. 


Moment of Inertia : The raoment of inertia aboutyaxis for the composite 
beam s ctoss section can be determined using thc parallel - axis theorcra 

/,=r(;+A4, J ) r 

',=[^<</>(0 + o ] 

+ 2 [ 5^ (“^ (°- 2887d >’ + ] (4) (0.2887 d) (0.5962í/) 2 ] 

= 0.187^ *n. 


í: 




7 I a/z Td/z 7. 

O'Zee?* 
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*10-118. Determine the moment of ìnertia of the 
shaded area about the y axis. 


Diffirential Element: Here, v = - ( 4 -) The area of the differential 
elementparalleltothe> axii i s dA = ydx = -( 4 -x 1 ) dx . 

Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


= j^x 2 dA = -j ^x 2 (4-x 2 )dx 
lf4 , 1 5 V" 


= 2.13 ft* 


~t -— 

1 & 

í / 

^7 

/ 

L 

/ 1 

./' 1 


f 

XL 1 

ift 

'/ 

/ TTn '. 

1 

-*( t-áA- ì ' 

^ Zft 

ítt ^ 


10-119. Determine the moment of inertia of the shaded 
area about the x axis. 



Differential Element: Here, y = ^(4-x 2 ) .Theareaof thedifferential 

element parallel to the y axis is e£4 = ydx . The moment of inextia of this 
differentiaJ element about the x axis is 

dl x = dl x . +dAŷ 2 

= +ydx(^ 

= — ( -x‘ + 12x* - 48x 2 + 64) * 

192 v ' 


Moment of inertia : Pcrforraing the integranon, wc have 

4 - í - T h (-x‘ + 1 2x 4 - 4ÍU 2 + 64 ) dx 

1 ( 1 , 12 , , h.J» 

=-—x’ + —x s -1 &r’ + 64x 

192 W î Ji-it, 

= 0.610 ft 4 An* 
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*10-120. Determine the moment of inertia of the area 
about the .r axis. Then. using the parallel-axìs theorem, 
find the moment of inertia about the x' axis that passes 
through the centroid C of the area. y = 120 mm. 


200 


Differential Element: Here, x - flOQy*. The aret of ihe differenóil 
elemcnt parailel to the x axis is dA = Ixdy = 2/200 y*dy . 

Moment of Inertia : Applytng Eq. 10-1 and performing the integraúon. we 
have 


h = i t y = f °°"">. 2 (2/2ÔÔy ! ^ ) 

-- (2 T\,200n« 

= 914.29(l0‘) mm 4 =914(l0 6 ) mm' Ans 
The momcnt of inertia about the x' axis can be determined using the parallel - 

» «200«n ^_ | 

axrs theorcm. The area is A = j dA = j l/ÏÔÔy’dy = 53.33( 10 3 ) ntm 2 

1 , =/,.+ 4 ^ 

914.29(l0‘) = ì t . +53.33( 10 1 ) ( 120 2 ) 

4* “ 146( 10 6 ) mm 4 Ans 






www.usacingenieria.blogspot.com 


10-122. Determine the product of inertia of the shaded 
area with respect to the x and y axes. 



DifferentíalElement: Heie. x = v-5. The areaof the differential element 
parallel to the r axis is JA— xd v = y*dy- The coordinates ot the 

x i 

centroid for this element are v = - = - y ?. v = y. Then the product 
of inertia for this element i. 


tU xy = dl xy + dA.iỳ 


r() + (v3(/v) 




= - v 3 d v 
2 ' 


Product of ìnertia Fertorming the integration. we have 
/_. — / df , v = f ì v5rfv = — v31 = 0.1875 m 4 Ans 

' J - 7o 2' • 16 |o 


dy 1 v 
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11 - 1 . llse the melhod of virtual work to determine the 
tensions in cahle AC .The lamp weighs 10 lb. 



Free Bodj Diagram : The tension in cable AC can be detertraned by releasing 
cable/tc. Thesystem has only one degteeof freedom defined by the independent 
coordinate S. When S undergoes a positive displacement 68, only t AC and the 
weight of larap (10 lb foroe) do work. 

VirtuaJ Displacementx : Force Fac and 10 Ib force are located from the ftxed 
point B using position cootdinates y A and x Á . 

x A = lcos 8 5x t = -Is in 868 [ 1] 

y A = Isin 8 5y t = fcos 868 [2] 

Virtual - Work Equalìon : When y A and x A undergo positìve vinual 
displacements Sy A and Sx A , the 10 Ib force and horizontal componcnt of F AC , 

F ac cos 30° do positìve worfc while the verocal component of c , F AC s in 30“ 
does negatìve work. 

5U = 0; 106y A -F AC sm V)°Sy A + F AC oos 10°Sx A = 0 [3] 

Substìtuting Bqs (1 ] and [2) into [3] yieids 

(lOcos 6-0.5F ac cos 8 - 0.8660/^ c sin 8)168 = 0 


‘\i 


*'lOlb 


Since IS6 * 0, then 


0.5cos 0+O.866Osin $ 


At the equilibriura position 6 = 45°, 


0.5cos 45° + 0.8660sin 45° 
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11-2. The uniform rod OA has a weight ot 10 Ib. When 
the rod is in vertical position, 0 — O', the spring is un- 
stretched. Detennine the angle 0 for equilibrium if the end 
of the spring wraps around the periphery of ttie disk as 
the disk turns. 

h'ree ttnds Dìagram : Ihc systein has oniy one degrec of treedoin 
defined bv the indepettdent cmtrdinate ft. Wtien 0 undergoes a positive 
displacement Sfí, only tlte spring force and the tveight of rtxj (10 lb 
force) do work. 

Viriual Dìsplacements: The 10 Ib force is located from the fixed point 
B using the positíon coordinate v w , ttnd the viituul displacement oí 
point C is 0 

v s = 1 cos 0 hvg — — sin eSn í 11 

Sx,- = 0.560 U) 

Virtual — Work Equation: When points B and C undergo posìtive 
virtual displacements Syg and f.v, . lhc 10 Ib torce ttnd the spring 
force F, r , do positive work. 

SU = 0: I0».v, + F„,Sxc = 0 13) 

Substituting lìqs j 11 and |2| into (3j ytclds 

l-IOsin 0 + 0 5F,,,) SU = 0 |4| 

However, from ihe sprittg formula, F, r = kx = 30(0,3«) = 150. 
Substituting this value ínto liq. |4| yields 

l-IOsin 0 + 7.5 0) Sfí = 0 

Since Sfí 0. thcn 

- lOsin 0 + 7.50 =0 


11-3. Detennine the force F acting on the cord which is 
required to maintain equilibrium of the horizontal 10-kg 
bar AB. Hint : Express the total constant vertical length I 
of the cord in terms of position coordinates .ï| and ,)+. The 
derivative of this equation yields a relationship between 
Si and S 2 . 


Free—Budy Diagram: Only force F and lhe weight of link AB (98.1 N) 
do work. 

Virtual Displacements: Force F and the weight of link AB (98.1 N) 
are located from the top of the lìxed 1ink using position coordinates 
,y 2 and s i- Since the cord has a constant length. /. then 


4*i — *: = / 


4&V| - a.v 2 = o 


Virtual —- Work Equation: When .v, and v 2 undergo positive viitual 
displacements í.v, and <$* 2 , the weight ot link AB (98.1 N) and force 
F do positive work and negative work, respectively. 

SU = 0; 98. lí-5.v,) - F(-5.v 2 ) = 0 \2) 

Substituting into Eq. (2 j into 11 j yields 

(-98.1 +4F) 5*, = 0 

Since 5*i ± 0, then 

-98.1 +4F = 0 

F - 24.5 N Ans 





_'V 


" /\ 


/ 


/ 

o 

l8/ 


yB \ 50 

0.5 ft ' 


Solving by trial and error 
0 = () !J and 0 = 73.1° 




10(9.81) = 98.1 N 
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11-4. Eaeh member of the pin-conneeted mechanisnt has 
a mass of 8 kg. If the spring is unstretched when (i = 0“, 
determme the angle (i for equilibrium. Set k = 2500 N/m 
and M = 50 N-m. 

v; — O.I5sin^ 

v ’ = 0.3 sin W 

3v, = O.l5cos0«0 

•— 0.3 cos 

H! = 0; 2(78.4»».vi + 78.4K<v : - F z S yi + 5tW« = 0 

|2(7K.48)t(),|Scos«) + 78.48(0.3cos») - /7(0.3cos4) + 50|/s = 0 
47.088 cosO - /0(0.3 cos 0) + 50 = 0 
F, = 25(X)(0.3sin'/) = 750siní' 

47.088cos« - 112.5sin 2« + 50 = 0 
Solving. 0 ~ 27.4° 
or i) = 72.7° 


Ans 

Ans 



1 1-5. Each nìember of the pin-connected mechanism htus 
a mass <>f 8 kg. lf the spring ís unstretched when 0 = ()’, 
determine the required stift'ness k so that the mechanism 
ìs in equilibrium when 0 = 30°. Set M = 0. 

v, = 0.15 sin 0 . = 0.3 sin 0 

í 5_V| = 0. J5cos030. Âv_7 = 0.3 cos 030 
ÒU = 0; 2(78.48%, + 78.48ív 2 - F v 5y 2 = 0 

{2(78.48)(0. !5cos 0) + 78.48(0.3 co$0) - O(O.3cos0)j30 = 0 
0 = 30'; F 2 = Xrí0.3 sin 30") = 0. i 5k 



2(78.48><0.15cos 30 ) + 78.48(0.3 cos 30°) 
— 0.15/t(0.3cos30°) =0 
k = i .05 kN ! /m 



11-6. The crankshaft is subjected to a torque of Af = 
50 N m. Deternìine the horizontal compressive force F 
applied to the piston for equilibrium when 9 = 60°. 

(0.4)" = (O.l) 2 + .r 2 - 2(0.1 )(a)(cos(/) 

0 = 0 + 2xÙ.< + 0.2.V sin 060 — 0.2 cos O&x 
SU = 0; -5036 - FSx = 0 

For 0 = 60‘. r = 0.4405 m 

6x = -0.0976930 
(-5O + O.O9769F)30 = 0 
F = 512 N 



Ans 
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11-7. The crankshaft is subjected to a torque of 
M = 50 N • m. Determine the horizontal compressive 
force F and plot the result of F (ordinate) versus 8 
(abscissa) for 0°<í< 90°. 
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*U-8. Determine the force developed ìn the spring 
requìred to keep the 10 Ib uniform rod AB ìn equilibrium 
when 0 = 35". 



Free ■Body Diagram : Thc systcm has only one degree of freedom defuved b> 
the independcnt coordinale 0. When 0 undergoes a posidve displacement 68, 
only the spnng force F, p , the weight of the rod( 10 lb) and the 10 lb - ft couple 

moraeni do work. 

Virtual Displacements : The spring force F, p and the weight of the rod 
(10 lb) are located from the futed poini/t using positìon coordinates a.and 
x c . respecdvely. 

x a = 6cos 9 Sx B = ~6sin 966 [fl 

y c = 3sin 8 6y c = 3cos 050 ( 2 1 

Virtual ■ Work Equation : When points B and C undergo positive vinual 
dtsplacements 5x s and 6y c , the spring force F, p and the weight of the rod 
(10 lb) do neganve work. The 10 Ib ft couple moment does neganve work 
when rod AB undergoes a posidve virtual rotarion 68. 

SU = 0; - F, p 6 x b - 105y c - 1050 = 0 [3] 

Substttudng Eqs.[l) and [21 into [3) yields 

( 6F, p sin 6- 30cos 0- 10) 50 = 0 [4] 


Sincc 59 * 0, thcn 


6F tp sm 0-3Ocos 0-10 = 0 


30cos 9+ 10 
6sin 9 


Ai ihc cquilibnum position, 9 = 35°. Thcn 


www.usacingenieria.blogspot.com 
11-9. Determine the angies 0 for equiíibrìum of the 4-lb 
disk using using the principle of ihc virtual work. Neglect 
the \veight of the rod.The spring is unstrctched when 0 = 

<r and alvvays remains in the vcrtical position due to the 
rolier guide. 

Frtt Body Diagram : Thc system has only onc dcgrec of freedom dcfincd by 
thc independent coordmatc 6. Whcn B undergoes a positivc dispUcemcnt 59, 
only the spnng forcc F, p and the wcight of thc disk (4 Ib) do work. 

Virtual Displacements : The spnng force F ip and thc wcighlof the disk 
(4 !b) are locatcd from the ftxed point B using posidon coordinaics y c and y A , 
rcspectivcly. 



y c — Ism 6 5y c = cos 056 Dî 

y A = 3sin Q Sy A = 3cos 956 [2] 

Virtual - Work Equation : When pornts C and/t undcrgo posirivc virtual 
displaccments 5y c and ôy A , the spnng forcc F tp docs ncgarive work whik the 
wetghtof thcdisk (4 Ib) do posiuve work. 


r à fc 

* s , _S 


SU = 0; 4Sy Á -F, p Sy c =0 




Subsrituong Eqs.{l] and [2J into [3] yieids 

( 12- F tp ) cos 656 = 0 

Howcvcr, from thc spnng formula, F tp = kx = 50( Isin 6) = 50 sin 9. 
Subsrituung this valuc into Eq. [4] yjelds 


Suicc 66 * 0. thcn 


(12 — 50sin 6)cos 656 = 0 


12 - 50sin 0 = 0 6= 13.9° 


cos 9 = 0 6 = 90° 


11 - 10 . íf each of the three links of the mechanism has 
a weight of 20 ib. determine the angle 9 for equilibrium 
of the spring. vvhich. due to the roiler guide, always 
remains horizontal and is unstretched when 6 = 0°. 


u-. 4 ft ■ 


k = 50 Ib/ft // 2 ft L 6 


x = 2 sin0, Sx = 2 cos 6 86 

y< = 2cos0, Sy t = — 2 sin 0 S6 

y 2 ~ 4 cosfl, Sy 2 = -4 sin 9 S6 





F t = kAx - 50(2 sin0) = lOOsine 
Su = 0' -20í >2 _ 2(205y,) - F,Sx = 0 

[20(4 sinS) + 2(20)(2sin9) - F,(2 cos6))Se =0 
[160sin9 - 200sin9cos915e = 0 
F, = k (4 cos0 - 4 cos45°) 

Hence, sinS =0; 9 = 0” Au 


00,6 = 2ÔÔ : «= 3 «.9° Ans 
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11-11. When 0 — 20°. the 50-lb uniform bl<x:k com- 
presses the two vertical springs 4 in. If the uniform links 
AB and CD each weigh 10 lb, determine the magnitude of 
the applied couple moments \1 needed to maintain equi- 
librium when 0 = 20°. 


Free tìody Diagram: The system híts only one degree ol' l'reedom 
dctìned by íhe independent coordinate 0. When 0 undergoes a posiiive 
displacement only the spring ibrces F S(t , the weight of Ihc block 
(50 lb). rhe weights ot' the links (10 lb) and the couple moment M do 
work. 

Virtual Displacements: The spring forces F sp , the vveight of the bloclc 
(50 Ib) and the vveight of the links (10 Ib) are located froni the tìxed 
point C using position coordintUes yv. vi and yj respectively. 

v ;1 = I 4- 4 cos 0 S y» = -4 sin 080 (11 

y> = 0.5 + 4eos 0 8\‘2 — —4sin 080 (2] 

yi = 2cos 0 8 y\ = — 2sin 080 [3] 

Y'irtual — \\ork Equation: When y \. y 2 and y\ undergo positive virtual 
displacemcnts <5yi. á v? and áyy, the spring forces F sp , the weight of the 
block (50 lb) and the weights of the links (10 Ib) do negative vvork. 
The couple moment M does negative work when the links undergo a 
positive vìrtual rotation 80. 

SU = 0; - 2 F s ,, 8 y\ - 50 8 y 2 - 20 8 y } - 2M80 = 0 |4| 

Substituting Kqs. (I), (2( and (3| into (4| yields 

(8 F sp sin 0 + 240sin 0 - 2M) 80 = 0 
Since 80 0, then 

8 F xp sin 0 + 240 sin 0 - 2M = 0 
M = sin 0(AF, p + 120) 

At the equilibrium positíon 0 = 20 u . F sp = kx = 2(4) = 8 Ib. 

M = sin 20°(4(8) + 1201 = 52.0 lb • ft Ans 


The spring is unstretched when 0 — 0°. If P — 
8 lb, determine the angle 0 for equilibrium. Due to the 
roller guide, the spring always remains vertical. Neglect 
the weight of the links. 


yi =2 sinO, <$yi = 2 cos 0 80 
y 2 =4 sinO +4. 8 y >2 = 4 cos 0 80 

F s = 50(2 sinO) = 100 sin() 

8 U = 0; —F, 8 y\ + P 8 y 2 = 0 

— lOOsìn0(2coséi 80) + 8(4cos& 80) = 0 
Assume (-) < 90°, so cos (-) 0. 

200 sinfl = 32 
0 = 9.21 a Ans 
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11-13. The thin rod of weight W rest against the smooth 

wall and floor. Determine the magnitude of force P 
needed to hold it in equilibrium for a given angle 0. 


Frtt Body Diagram : The sysiem has only one degree of freedom dcfined by 
the independem coordtnate 6. When 8 undergoes a posiove diaptecment 66, 
only die weight of the rod W and force P do work. 

Virtual Displacemcnts : The weight of the rod IV and force P are located 
from the ftxed points A and B ustng position coordinates yc*nd x A , respectivel) 

/ / 

y c = -stn 6 6y c = -cos 866 [ 1 ] 

x A =lcos8 Sx A = -/sin 858 [2J 

Virtuai - Work Equasion .* When points C and Aundcrgo positive virtual 
displacements áy c and Sx A , the wetght of the rod W and force F do negative 
work. 





SV = Û, -WSy c -PSy A =0 


Subsdtuhng Eqs.[l| and [2] into [3] yields 


Since S8 * 0, then 


( Wl \ 

PIsìsì 8-—C0S 8JS9 = 0 


Wl 

Plsitì 8 -—cos 9 = 0 
2 
W 

P = yCOt 9 






■11-14. The 4-ft members of the mechanism are pin- 
connected at their centere. lf vertical forces P\ = P 2 = 30 lb 
act at C and E as shown, determine the angle 8 for 
equilibrium. The spring is unstretched when 9 = 45°. 
Neglect the weight of the members. 



y * 4sin0, x = 4co s0 
Sy = 4cos0 60, Sx - -4iind 60 
SU = 0; - F,6x - 30 Sy - W6y = 0 

[-/v(-4sin0) - 6O(4cos0))S0 - 0 


cos 0 

F = 60(-) 

sinO ’ 


Stoce/r = t(4co,8 - 4cos4S°) = 200(4cos9 - 4coj45“) 
tSOcos» = «00(cose - cos45')iinS 
tin0 - 0.707tanfl - 0.075 = 0 



16.6° Ana 


P-SS.Î* 
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11-15. The spring has an unstretched length of 0.3 m. 
Determine the angle 0 for equilibrium if the unitorm hnks 
each have a mass of 5 kg. 

Free Body Diagram: The systcm híts only one degree of freedom 
detined by the indcpendent coordinate tì. When ft undergoes a posilive 
displacement 80. only the spring force F v and the weights of the ltnks 
(49.05 N) do work. 

Virtual Dìsplacements: The position of points B. D and G are meastt- 
red from the tixed point A using position coordinates x„, x D and 
respectively. 

x„ = 0. \ sin 0 8x„ = 0.1 cos 080 1 1 1 

A-„ = 2(0.7 sin 0) - 0.1 sín 0 = 1 .3 sin 0 8 x„ = 1.3cos 080 1.2] 

yo — 0.35 cos 0 8ya = —0.35 sin 080 l J > 

Vtrtual — Work Equation: When points B. D and G undergo posi- 
tìve virtual displacements 8x„.8xp and 8yc,, the spríng force F <( , 
that acts at point S does positive tvork while the spring force F íp 
that acts at poínt D and the weight of link AC and CE (49.05 N) do 
negative work. 

8U =0: 2(-49.05Sv ( ;) + F,,A8x„ - 8x D ) = 0 H1 

Substituting hqs. 11). [2] and ]31 into (4] yields 

(34.335sin 6 - 1.2F,„cos O) 80 = 0 I-‘ i l 

However. from the spring formula. F, r = kx = 400| 2(0.6 sin 0) - 
0 . 3 ) = 480sin0 - 120. Substituting thís value into Eq. 151 yields 

(34.335sin fl - 576sin dcos « + 144cos fl) 80 = 0 

Since 80 ý, 0, then 

34.335 sinfl - 576 sin flcosfl + 144cos fl = 0 

fl = 15.5' Ans 

and fl = 85.4' Ans 



5(9.81) = 49.05 N/ 

J 


5(9.81) = 49.05 N 


i | F v F < i 1 

-*• \ • 


IT 

X H 

J 

X í.) 

Sx„ 



* 11-16. Determine the force F needed to lift the block 
having a weight of 100 lb. Hint : Note that the coordinates 
.Vq and s H can be related to the constant vertical length / 
of the cord. 

I = s„ + 2.v„ 

8sx — —28x„ 

SU = 0; W8s„ + F8s a = 0 

I00í.v« + F(-28s„) = 0 
F = 50 Ib Ans 
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11-17. The machine shovvn is used for forming metaì 
plates. It consists of tvvo toggles ABC' and DEF , vvhich 
are operated by hydraulic cylinder BE. The toggles push 
the moveable bar FC forward, pressing the piate p into 
the cavity. If the force vvhich the piate exerts on the head is 
P = 8 kN, determine the force F in the hydrauîic cylinder 
when 0 = 30°. 



Free tìody Diagram: The system hjs only one degree of f'reedom 
defined by the independent eoordinate 0. When 0 undergoes a positive 
displacement 80, onlv the forces F and P do work. 

Virtual Displacements: The force F acting on joints E and B and force 
P are hx;ated from the fixed points D and A using position coordinates 
v/. and v«. respectively. The location for force P is measured from 
the tìxed point A using position coordinate xa- 


Vf = 0.2 sin 0 fiyt; = 0.2 eos 080 

\fí =0.2sin 0 Sya = 0.2 eos 050 

xa ~ 2(0.2 cos 0) + I á.r í; = -0.4 sin 050 


m 

1 . 2 ] 

(3| 


Virtual—Work Equation: When points E. B and G undergo positive 
virtual displacements Sxe, Syn and S.xc, force F and P do nega- 
tive work. 


D x 

./) v 

• V 4Ì 



'X' 


Sy B _J 

50 ,, ^ 




SU = 0; - F8y E - F8y B - P8.x a = 0 [4 j 

Substituting Eqs. 11], [2] and [3] into [41 yields 

(0.4P sin 0 - 0.4F cos 0) 80 = () 

Since 80 ^ 0. then 

0.4 P sin 0 — 0.4Fcos 0 = 0 F = P tan 0 
At equilibiium position 0 = 30° set P = 8 kN, w'e have 
F = Htaji30° = 4.62 kN Ans 
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11-18. The vent plate is supported at R by a pin. If it 
weighs 15 Ib and has a center of gravitv at G, determine 
the stiffness k of the spring so that the plate remains in 
equilihrium at 0 = 50°. The sprina is unstretched when 
0 = 0 °. 


Free Body Diagrum : The system has only one degree of freedom defined by 
the independent coordinate 8. When tì undergoes a positive displacement Stì, 
only the spnng force F sp and the weight of the vent plate (15 lb force) do work. 

Virtual Displacements : The weight of the vent plate (15 lb force) ìs located 
from the fixed point B using the posttion coordinate y c . The horizontal and 
vertical position of the spnng force F sp are measured from the fixed point B using 
ihe position coordinates x A and y, , respectively. 


y G = 0.5cos 9 

Sy c , 

= -0.5sin 9Ô9 

m 

y A = lcos 9 

8y+ 

= —sin 989 

[2] 

x A = lsin 9 

Sx A 

— cos 989 

[3] 


Virtual - Work Equation : When y c , y A and ,r A undergo positivc virtual 
displacemonLs ò'v c , ôy A and Sx A , ihe weight of the vent plate (15 lb force), 
honzontal componenl of F sp . F sp cos 0 and vertical component of F sp , F sp sin 0 
do negaiivc work. 


SU = 0: — F sp cos 0 Sx A - F sp sin <p5y Á - 15<5y c = 0 

Substituting Eqs. [11. |2J and [3| into [4] yields 


14] 


( ~F sp cos tìcos <p + F sp sin fein p + 7.5sin tì) 58 = 0 
(-F lp cos(B+0) + 1.5sm tì) 59 = 0 


Since 59 P 0, then 


—F sp cos (9+0) + 7.5sin 8 = 0 


F <r 


7.5sin 9 
co s(9+ <p) 


At equilibrium position 8= 30°, Ihe angle 0 = tan' 1 ^ 


lcos 30° 

4 + lsin 30° 


10.89° 


7.5sin 30° 

sp ~ cos(30°+ 10.89°) = 4961 ' b 






Spring Formula : From the geometry, the spring stretches 
x ~ y'4 2 + l 2 -2(4)(l)cos 120°- -Jd 1 + l 2 = 0.4595 ft. 

F sp =kx 

4.961 = k (0.4595) 
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11-19. The scissors jack supports a load P. Determine 
the axial force in the screw necessary for equilibrium 
when the jack is in the position 6. Each of the four !inks 
has a length L and is pin-connected at its center. Points 
B and D can move horizontally. 


x — L cos 6, 


Sx = - L sin 6 60 
Sy =2tcos9 S6 


Su = 0; - PSy - FSx = 0 

-P(2Lcx>,e se ) - Fl-L iin0 S6) =0 
F = 2P cottf a u 



y, = 300 sin^ - 375 sin 6 

♦11-20. Determine the mass of A and B required to 

hold the 400-g desk lamp in balance for any angles 0 y 2 = 75 sinfl + 75 sin^ - 75 sine = 75 sin* 
and (/>. Neglect the weight of the mechanism and the 


size of the lamp. 


75 mm \ 



> 3 = 75 sin0 
Diapl*ccmcnt50 (onJy) 
Sy x = -375 cos 9 60 


Sy y = 75 cos0 8Q 




jj . i 


SU = 0; H'íy, - W A Syi + W,5y, = 0 

W(-375 cosfl 56) - 0 + 1V,(75 cosfl 56) = 0 


„ 375 375 

W, = —W = —(0.4)(9.81) = 19.62 N 


19.62 

m » = W = 2 k * 


Displacement00 (only) 
Sy, = 300 cosp SS 


Sy 2 = 75 cosf Sp 


SU = 0; Wíy, - W t Sy 2 + W,<5y, = 0 

W(300 cosp Sp) - W Á (75 cosp 5S) + 0= 0 


300 „ 300 

W, = — W = — (0.4)(9.81) = 15.70 N 


15.70 

m * = jjp = 1«0 Ans 
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11-21. 'ITie piston C moves vertically between the two 
smooth walls. If the spring has a stiffness of k = 1.5 kN/m 
and is unstretched when 8 = 0", determine the couple M 
that must be applied to link AR to hold the mechanism 
in equilibrium; f) = 30°■ 


0.4 m /ỳ/ \ M 



k- I .SkN/m 


Free Body Diagram : The system has only one degree of freedom defined by the 
independem coordinate 6. When 9 undergoes a positive displacement SO, only thc 
spiing force F tp and couple moment M do work. 

Virtuai Displacements : The spring force F tp is located from the fixed point A 
using the posioon coordinatey c . Using the law ofcosines 

0.6 ! =y^ + 0.4 ! -2(y c )(0.4)cose [1] 

Differendaâng ihe above expression, we have 

0 = 2y c 5y c -0.85> c cosfl + 0.8)' (; sin 8S8 
0.8y c sin 8 

Sy c ~ Sd [2] 

0.8cos 6- 2y c 

VirtuaJ - Work Equaiion : When point C undergoes a positive virtual displacement 
6y c , the spring foroe F tp docs positive work. Thecoupie moment M does positive 
work when UnJc A5 undcrgoes a positive virtual rotadon 5Q. 

SU = 0; F tp 6y c +MSe = 0 [3] 

Substituting Eq. {1 ] into [2] yields 


Since 89 * 0, then 


0.8y c sin 9 
i. 8cos $ - 2y c ^ 


0.8y c sin 6 

Ò.8cos 8-2y c F,p+M=0 
O-Syçsinfl 
0.8cos 8-2y c ‘ r 




Ai the equilibhum position, 8 = 30°. SubsQtutmg into Eq.[l], ' 


0.6 ! = y ! + 0.4 2 - 2 (y c ) (0.4) cos 30° 


y c = 0.9121 m 


The spring sinaches jc = 1 - 0.9121 = 0.08790 m. Then the spnng foree is F, p = tr 
= 1500(0.08790) = 131.86 N. Subsùtuting the above resuhs into Eq. [4], we have 


jW = - — 

[o. 


0.8(0.9121)sin 30° 
8cos 30°-2(0.9121) 


1.86 = 42.5 N m 
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11-22. The crankshaft is subjeeted to a torque of M — 
50 lb ■ ft. Determine the vertical compressive force F 
appiied to the piston for equilibrium when 0 = 60°. 




Free Body Diagram: The systeni has only one Oegree of freedoni 
defined by the independent coordinate 0. When 0 undergoes a posi- 
live displacement only the force F and couple moment M do 
work. 

Virtual Displacements: Force F is Ìocatcd from the fixed p<ìint A using 
ihe positional c<H>rdinate >*<■. Using the law of cosines. 

5 2 = y 2 + 3‘ - 2(yc)(3)cos(9() : -0) 111 

However, cos(90" - 0) = sinft. Then Hq. 111 becomes 25 = y} : + 9 — 
6yc-sin£. Differentiating this cxpression, we havc 

0 = 2yç6yc — 6/>yc siné' — 6yy cos M&O 

6v<-cos d ... 

ivc = - . . ~M [2| 

2y ( ■ - 6 sm tì 

Virtual — Wurk Equation: When point C undergoes a positive virtual 
displacement 5 y <: -, force F does negative work. The couple moment M 
dt>es positive work when link AB undergoes a positive virtual rotûtion 
Stì. 

5U = 0; -F5y ( + M&9 = 0 (3] 

Substituting Eq. |2[ into |3| yields 

/ fi.Vl-COS 0 _ „ 



Since 50 ^ 0, then 


2>c — 6sin 0 


f = 2v,-6.i ng M |4 , 

6 >c cos 0 

At the equilibrium position, 0 = 60°. Substituling into Hq. 111, we 
have 

5" = \j : + 3 2 - 2(y c )(3) cos 30’ 
yc = 7.368 in. 

Substiluting the abovc rcsults into Eq. [4| and setting M = 50 lb • t't, 
we have 

= r . mn = 259 lb Ans 

[ 6(7.368) 60° J 
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11-23. The assembly is used for exercise. It consist of 
four pin-connected bars. each of length /., and a spring of 
stiffncss k and unstrctchcd length a (<2 L). If horizontal 
forces P and -P are applied to the handles so that 6 is 
slovvly decreased. determine the angle 0 at which the 
magnitude of P becomes a maximum. 


F '“ Dúgram : The sysvm has only onedegree of frredom defined by 
the ìndependent coondtnate 6. When e undergoes a posmve duplecemeot 86 
the spnng force F lp and force P do work. 

Virtaal Ditplac'm'n.s : The spnng force F„ and force P are locued 
from the fixed potm Dand A using posihon coordma.es yandx. respecuvely. 

y = Uosd Sy^-LsineSd jjj 

x = Lsin Q Sx - Lcos 6SQ ^2] 

Vinual. Work Eguaiion : When points A, C. B and Dundergo posibve 
-mal dispbcement 3y and &, the spnng force F lp and force P do nTgadve 

SU = 0-. - 2F lp 5y - 2PSx - 0 [3 , 

Subsdtuttng Eqs.[lJ and [2] into [3] yields 

( ^F lp sin 6— 2 Pco5 f?) L8B - 0 [4] 

From tíic geometry. thc spring strctches x = 2£cos0- a Then. thespring 

orce lp k(2Lco s S-a) = 2kLcos9-ka. Subsdtudng this value into 
Eq í4] yields 


(4kLsm Scos 6-2kísm B-2Pcos 6)L86 = 0 


Since L56 * 0, then 


4iisin 0cos 6 - 2kasm 6-2Pcos 6 = 0 
P— A(2Dsin 6 — aum 6) 


In order to obtain maximum P _= n 

' d6 


dP 

^ =*(2Lcose-asec J e) =0 
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*11-24. Determine the weight VV of the crate if the 
angle fl - 45", The springs are unstretched when fl = 60°. 
NegJect the weights of the members. 


Poíential Function : Thc datura is cstablished atpointA. Since thc centcr of 
gravity of thc crmte is beiow the datum, its potendml energy is negidve. Here, 
y = (4sin 8+2 sin 8) = 6sin 8 ft and the spring stretches x - 2(2sin 8-2sin 30°) 
= (4sin 8-2) ft 



= -kx‘-Wy 

1 , 

= -(3)(4sin 8-2) -W(6sin 8) 

= 24sin 2 8-24sin 8-6lVsin 8 + 6 


Equilibrium Position : "nte system is in equilibnura if -— = 0. 

dd 


— =48sin 8cos 8+24cos 8+6tVcos 8 = 0 [ 

At oquilibrìura position, 8 = 45°. Subsdtuting tfais value into Eq. [!}, we have 
48sin 45'cos 45° + 24cos 45“-6tVcos 45° = 0 




W = 1.66 ïb 
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11 - 25 . Rods AB and BC have i centeijof mass located 
at their midpoints. If al! contacting surfaces are smooth 
and BC has a mass of 100 kg, determine the appropriate 
mass of AB required for equilibrium. 



-LJi 



-yrjfg.ei) 


x = 1.25 cos0; 3-jc = 2.5 cosô 
3-1.25 cos 0 = 2.5 cos 6 
1.25 sin0 50 = -2.5 sin0 86 


0.75 1.5 „ 

1.25(- )8<p = -2.5(—)S0 

M.25 v 2.5' 


0.7550 = -1.550 
50 = -86 


1.25 

yi = (—) * m <t> 


y 2 = 1.25 sin0 
5y! = 0.625 cos0 50 
Sy 2 = 1.25 cosd 86 

8U = 0; -m(9.81)5y! - 9815y 2 = 0 

-m(9.81)(0.625 cos0 50 ) - 981( 1.25 cos0 86) = 0 


-m(9.81)(0.625)(-i-)(-25fl) - 981(1.25 )(~)S6 = 0 

1 .Z») Z.3 


[m(9.81) — 981] 50 = 0 
m = 100 kg Ans 


11-26. If the potential function for a conservative one- 
degree-of-freedom system is V = (8;r - 2.v 2 - 10) J, 
where x is given in meters, determine the positions for 
equilibrium and investigate the stabiiity at each of these 
positions. 

V = Sx' - 2x 2 - 10 

<ÍV , 

— = 24v - 4* = 0 
dx 

(24x - 4)x = 0 

x = 0 and x = 0.167 m 

Ani 


d 2 V 

— = 48x - 4 
dx 2 



d}V 

x - 0. - = -4< 0 Unstable 

dx 2 

Ans 


d'V 

x = 0.167 m, — r = 4 > 0 Suble 

dx ! 

Ans 
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11-27. If the potential function for a conservative one- 
degree-of-£reedom system is V = (12 sin 26 + 15 cos 8) J, 
where 0° < 8 < 180°, determine the positions for 
equilibrium and investigate the stability at each of these 
positions. 


11-28. If the potential function for a conservative one- 
degree-of-freedom system is V = (10 cos 26 + 25 sin 0 ) J, 
where 0° < e < 180°, determine the positions for 
equilibnum and investigate the stability at eaeh of these 
positions. 

V = !Ocos20 + 25sintf 
For equilibnum : 
dV 

= -2Osin20 + 25co s9 - 0 
a& 

(— 40sin 0 + 25)cos0 = 0 


0 = sin 1 (—) = 38.7° and 141° Ans 

40 


and 





9 = cas'' 0 

= 90° 

Ans 



Stability : 

d 2 V 

le 2 - 

— 40cos29 — 

25 sin 9 


9 = 38.7°, 

d 2 V 

M 2 

= -24.4 < 0, 

Unstable 

Ans 

o 

■+ 

II 

05 

d 2 V 

-24.4 < 0, 

Unstable 

Ans 

8 = 90°, 

d 2 V 

dÔ 2 

15 > 0, 

Stable 

Ans 


V = 12sin20 + 15cos0 


— = 0; 24cos20 — 15sinÔ = 0 

dd 


24(l-2sin 2 0) - I5sin0 = 0 


48sin 2 8 + 15sin0 - 24 = 0 


Choosing the angle 0° < 9 < 180° 

0 = 34.6° Ans 

and 

9 = 145 ° Ans 

d 2 V 

- = - 48sin20 — 15 cos 9 

d9 2 


9 = 34.6°, - = —57.2 < 0 Unstable Ans 

d& 2 


9 = 145°. - = 57.2 > 0 Stable Ans 

d& 2 
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degree of ^ 3 cons ^vative tvvo- 

aegree-of-freedom system is V = (9v 2 + \R r 2 \ i U .u« 

* and ' v are given in meters, determine the equiiibrium 
position and invest.gate the stability at this position. 


V = 9y 2 + L8x 2 


dV 

— = 36x = 0; x = 0 


- = 18y = 0; V = 0 

(0,0) ís a posilion for cquilibrium Ans 

*T + = 36 + 18 = * > ° 

^ ~ ( *r> ( ^r> = °- 36 ( 18 ) = -«8 < o 


11-30. Ihe spring ol the scale has an unstretched lcngth 
of a. Determine the angle 0 for equilibrium vvlien a vveight 
W is supported on the plalform. Neglect the vveight of the 
membcrs. What value W vvould be required to kcep the 
scale in neutral equilibrium vvhcn 0 = 0°? 

Fotmtlal Punctlon : Thc datum is cstablishcd at point A. Stncc thc wcight 
IV is above the datum, its potenáal cnergy is posilive. From the geometry, ihe 
spring strctchcs i = ILsin 0 and y = ZLcos 0. 

v=v, + v t 
1 , 

= + Wy 

1 . 

= -(*){2istn 0) ! + W(2 Lcos 0) 

= 2LL*sin 1 8 + 2WLcos 0 


dV 

Equilibrium Position : The systera is in equilibrium if — = 0. 

d$ 


Soiving, 


dV 2 

= ULsin Bcos 9 - 2WUm 9 = 0 
d$ 

dV 

— = 2*r sin 29 ~ 2WLsin 0 = 0 

ao 


9 = 0° or 


9 = cos~ l 



Ans 


rfl y 

Stabilitj : To have neutrai equilibriura ai 9 = 0°,- = 0. 

d& «-o* 


— = tkÛcos 26-2WUos 0 
d02 


d 2 V 

dQ 2 *-o* 


= 4ii J cos 0° -2WUos 0° = 0 


W = 2kL 


Ans 
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* 11-32. The two bars each have a weight of 8 Ib. 
Determine the angle 8 for the equilibrium and investigate 
the stability at the equilibrium position.The spring has an 
unstretched length of I ft. 


Potential Function : The damm is establúhed u point A. Since the center of 
gravity of the bars are beiow the darum. thetr potential energy ú negative. Here, 
y, = lcos 8 ft, y 2 = 2cos 9+ lcos 9 = 3cos 9 ft and the spring suetches 
x = 2(2cos 9) - 1 = (4cos 8- l) ft. 


8 \ 2 ft 


8 2 ft 


v=v. + v, 

= l -kx 2 -Ï.Wy 

= ì(30)(4cos 8- l) 2 - 8( lcos 8 ) - 8(3cos 8) 
= 240cos 2 8- 152cos 8+ 15 


av 

Equilibrium Position : The system is in equilibriuro if — = 0 


Slability : 


— = -480sin 8cos 8+ 152sin 8 = 0 
dd 

dV 

— = -240sm 28+ 152sin 8 = 0 


8 = 0° or 8 = 71.54° = 71.5° 


V N 
' Sf 6lb 



-= -480cos 20+ 152cos 0 


- = -480cos 0°+ 152cos 0° = -328 < 0 

dd 2 #-o* 


Thus, thc syslcra is in unstable equilibrium al 0 = 0° 


— I = -480cos 143°+152cos 71.54° = 431.87 >0 

dQ 1 ' #-71.54* 

Thus, thc systcra is in stable equilibrium al 0 = 71.54° i 
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11-33. The truck has a mass of 20 Mg and a mass center 

at G. Determine the steepest grade 0 along which it can 
park without overturning and investigate the stabihty in 
this position. 

Potential Function : The daûira is esablûhed tt point A. Since the center of 
gravity for the truck is above the datura, its poeemial energy is positive. Here, 
y - (i.5sin 8+ 3.5cos Ô) m. 

V s V f = Wy m W(1.5*in 0+3.5cos 0) 



Equiliàrium PosUion : The sysiem is in equiiibríura if — = 0 

dQ 


Srnce W * 0, 


• = W(1.5cos 6- 3.5sin 9) =0 

1.5cos 0-3.5sin 0 = 0 
9 = 23.20° = 23.2° 


Stabiliíj 


fV 

dff 2 »-21.20* 


* W(-1.5sin0-3.5cos0) 


= W(-1.5sin 23.20° - 3.5cos 23.20°) = -3.81 W < 0 


Thus, the truck is in unstable equilibríum at 9 = 23.2° 




11-34. The bar supports a weight of W = 500 lb at its 
end. If the springs are originally unstretched when the bar 
is vertical, determine the required stiffness k x = k 2 = k 
of the springs so that the bar is in neutral equilibrium 
when it is vertical. 


k , 3 ft 

Mi 


y = 9 ct»0 


V = 500(9cos9) + jt(3sin0) J + i|t(6s iaB) 1 


V = 4500 cos 0 + t(22.5sin 3 0) 


— = -45OOsin0 + l(22.5sin20) 
dff 

Requ ‘ re ’ dê = ° : _4500sto ® + t( 45 Sin0cos0) = 0 


sinÔ = 0; 0=0° 


= -4500 cos 9 + *(45cos20) 


Ncutral equilibrftim requires = 0 


*4. 

y&‘ 


-45OOcos0 + *(45cos20) = 0 


When 0 = 0°, -4500 + 45* = 0 


* = 100 lb/ft Ans 
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11-35. The cyiinder is made of two materials such that it 
has a mass of m and a center of gravity at point G. Show 
that vvhen G iies above the centroid C of the cylinder, the 
equiìibrium is unstable. 



Potential Function: The datum is established at point A. Since the 
center ot gravity of the cvtinder is above the datum, its potential energy 
is posìtive. tlere, y = r + Jeos 0. 

V = V K = W y = w.ç(r + d cos 0 ) 

Equilibrium Position: The systeni is in euuitibrium if = {) 

JO 

dV 

~r~ = -nitiíl sin 0=0 
dft 

s\nO = () Ó=0\ 

Stability: 

d 2 V 

jj? = -myd cos 0 



d-V 

~dÔ 2 


= —myd cos 0° = —mgd < 0 


Thus, the cylinder is in unstable equilibrium at 0 = 0 ; ’ ( Q.E.D .) 


* 11-36. Determine the angìe 9 for equilibrium and in- 
vestigate the stability at this position. The bars each have 
a niass of 3 kg and the suspended bhx;k D has a mass of 
7 kg. Cord DC has a total length of ! m. 


/ = 500 mm 
vj = í sin(/ 

,V 2 ~ 1 + 21(1 -costf) =/(3 -2cosí>) 
V = 2H-' v, - W 0 y 2 

= Wl sinf) - W n IO - 2cos0) 
dV 

— = /(U'cosO - 2W U sinO) = 0 



taní/ = 


= 0.2143 


W _ 3(9.81) 

2W n ~ 14(9.81) 

0 = J2.I' 

d 2 V 

-JJÏ = l( — W sin 0-2 \V D cos 0) 


Ans 


0 = 12 . 1 °. 


d 2 V 

dÔ 2 


- 0.5(—3(9.81) sin 12.1° - 14(9.8!)eos !2.P| 



= -70.2 < 0 


Unstabie 


Ans 
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11-37. The eup has a hemispherical bottom and a mass 
m. Determine the pí)sition h of the center of mass G so 
that the cup is in neutral equiHbrium. 


Potential Function: Thc datuni is cstítblishcd at point /4. Since thc 
ccnter ol" gravity of the eup is above the datum, its potential energy is 
positive. Here, y = r - h cos 0. 

V — Vf, = Wy = mg(r — h cos 0) 



Equilibrium Position : The system is in equiiibrium if —— = 0. 


= mgh sin 0 = 0 


sin 0=0 0=0. 


Stahility: To have neutral equilibrium at = 0°, 


d 2 V 

—- = muh cos 0 
JO 2 * 


= mgh cos 0° = 0 

J0- • 



Note: Stable Equilibrium occurs if 

/ d 2 V i \ 

/»>()( —— = mgh cos 0 > 0 J. 


11-38. If each of the three links of the mechamsm has 
a vveight W. determine the angle 0 for equilibrium. The 
spring, which always remains vertical, is unstretched when 
9 = 6° 


yi = o sinO 5>| = a eos 0 50 


y 2 = 2 a + a sin 0 8y 2 = u cos 0 50 


_vy = 2 íí + 2xi siní) 5y$ = 2a cos 0 50 


/•', = ka sin 0 





5U = 0; (VV - F, )8yi + W8y 2 + W5y% = 0 
(W — ka sin $)u cos 9 80 + Wa cos 0 80 + VV (2u) cos 0 59 


Assume 0 < 90°, so cos0 0. 


4 VV — ku sin^) = 0 
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11-39. If the unifonn rod OA has a mass of 12 kg, deter- 
mìne the mass m that will hold the rod in equilibrium 
when 6 = 30°. Point C is coincident with B when OA is 
horizontal. Neglect the síze of the pulley at B. 

Geometry: Using the law of eosines. 

I.i'tí = y/\ 2 + 3 2 - 2(J)(3)cos(90° - 0) = >/7Ô - 6sin 0 
Iau = ✓ 1“ + 3 2 = >/70 m 

I — Iab — — s/TÔ — \/10 — 6sin 9 

Ptìtential Function: The datum is established at point O. Since the 
center of gravity of the rod and the block are above the datum, their 
potcntial energy is positive. 

Here. yj = 3 — / = [3 — (\/TÔ — VIO — 6sin0)] m and y> = 0.5 sin 9 m. 
V = V s = + W 2 y> 

= 9.81 m[3 - (VTÏÏ- s/lO-fisinf»)] + ] 17.72(0.5sin 

= 29.43 m - 9.81 m(v/TÔ - VlO-fisintf) + 58.86sin 0 
Equilibrium Position: The system is in equilibrium íf 

‘ /v| = 0 . 

íìiijtf 


(10 


(tv 


H- 


I 


ÍCOS )J - 


(10-6 sin 0) 2 ( _6cos 0 ) | + 58.86 cos 0 
29.43 m cos $ 

+ 58.86 cosO 


Vïo — 6 sin 9 
Ai 0 — 30°. 

dV_\ = 29.43w cos 30° 

^ l«!iij(r \/ï 0 — 6 sin 30 c 

m = 5.29 kg 


+ 58.86 cos 30° = 0 


Ans 


*íl-40. The uniform right circular cone having a mass 
m is suspended from the cord as shown. Determine the 
angle 0 at which it hangs front the wall for equilibrium. 
Is the cone in stable equilibrium'? 


V ~ ~ ( y çml> + J sin T 

dV j 3« . u \ 

M~ y sin 9 + - cosflj mg = 0 


3 siníỳ = O.Scosf) 
tanO = 0.1667 
0 = 9.46* 


Ans 


d-V 

(W 


( ~ (l z íl \ 

- y ~ — cos 0 - - sin 0 J wì> 






“fH— Datum 



0 = 9.46' 


Stabíe 


d 2 V 

' 7Í0 2 


■ 1.52« mg > 0 
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11-41. The homogeneous cylinder has a conical cavity 
cut into its base as shown. Determine the depth d of the 
cavity so that the cylinder balances on the pivot and 
remaíns in neutral equilibrium. 


d ■ 



50 mm —j 


ZŷV _ 75«(50) 2 (t50) - 
* = 1v _ *(50) J ( 150) - ^>t(,i0) 7 d 


11250 - £ 
y " = 150 - 4 


y = (ý - d)COSÔ 

v = (ŷ - ÍÍ)COS0(W) 

— = - W(ŷ - d)mO = 0 

d9 

8 = 0 ° (cquìUbrium position) 


£_ = -W(ŷ - <f)cos9 * 0 
d$* 

M 8 = 0°, ŷ - d 

d 1 d 1 

11250 - — = 150 4 - — 

0.25 d 1 - 1504 + 11250 = 0 
i = 512.1 Dffi > 150 ffiffi (N.G!) 


d = 87.9 mm Ans 
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11-42. A homogcneous block rests on top of the 
eylindricéil surface. Derive the relationship between the 
rathus of the cylinder. r. and the dimension of the 
block. />, lor stahle equilibriitm. flint: Establish the 
potential cncrgy funetion for a small angle 0. i.e.. 
approximate sin 0 ~ <r. and cos H 1 - (i/2. 


h i 



PottntiaJ Function : The darnm u established at poim O. Since tfie center of 
gravity for the bloclc ts above the darnm. its potcnoal energy ij postnve. Here, 

y ~ ( r+ - joos ô + rtfsin 8 


v - w , - M '[(r + -jcos 9 + r8s in ej 
For small angle 9, stn 6 - 9 and cos 9 - 1 - Ç. Then Eq.[l) becomes 

-=+--SHM 


m 


- w (^ b 

i 2 4 2 


Equilibrium Porilion : The system ts m equdtbrium ú — 


d8 


I 

rf\; | 

l^S‘S/o i ŷ 


r~ 



í \ ^ 

A 

— P*+Um 1 


dV ( b\ 

5ê“T"2 ) e = 0 9m 


0° 


Stabilùy ; To have stable equtJibriura , — >0. 

dff 2 b - o* 


d 2 V 

dÏF 9 .„. 


-i> 


= W r--\> 0 


H)> 

b<lr 


Ans 


706 



www.usacingenieria.blogspot.com 

11-43. iTie homogeneous cone has a conical cavity cut 
into it as shown. Determine the depth of d of the cavity 
in terms of /i so that the cone balances on the pivot and 
remains in neutral equilibrium. 


-i-i-- ——r = -<n + o) 


1 1 

-rcr‘h — m‘d 
3 3 


Mh-d) 4 


[ 1 ] 


Potential Function ; The damm is established at pomt A. Since the center of 
gravity of the cone is above the datum, its potendal energy is positive. Here, 


y - (ŷ — d) cos Ô^j^/i + ^-djcos 0 = ^(h-3d)cos 6. 

V' * (h - 3 d) cos ôjcos 9 = — ^ » cos 0 


Equilibrium Posiíion : Thc system is in cquilibríum if — = 0 

dd 


dV W(h-3d) 


d9 4 

0=0 d = o° 


sin0 = 0 


d}y I 

Stabiliiy : To have neutrai equiiibríum at 9 = 0°,- =0. 

d 2 V W(h-ld) 




sB 


d 2 V | 


W(h-3d) 


d&'a-o' 4 

W(h-ld) 


cosO 0 = 0 


Ans 


Note : By substituting d = - into Eq.[l] ( onc rcalizcs that the fulcmm must bc at 


thc center of gravity for ncutral equilibríum. 
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* 11-44. The triangular block of weight W rests nn rh» 
smooth corners which are a distance rfapan. lf ‘he bl rLk 



AF = AD sin<p = AD sin(60°- 9) 


$ina sin60° 


AD = -(sin(60° + 0)) 

sin60° 


AF = -(sin(60° + 0))sin(6O° - 9) 

sin60° 


rr* 


“(0.75cos 2 6 - 0.25 sin 2 9) 


— - W(-0.5774d) sind-~-(-1.5sin0cosô - 0.5 sin0cosé>) = 0 

dd sin60 


Requirc, sin0 = 0 0 = 0° Ans 


and -0.5774 d -(-2cos0) = 0 

sinóO 0 


-i à 

= cos ( —) 
4<2 


11-45. Two uniform bars, each having a weight W, are 
pin-connected at their ends. If they are placed over a 
smooth cylíndrical surface, show that the angle 6 for 
equilibrium must satisfy the equation cos 6/sin 3 9 = a!2r. 



v = 2W(rcscfl - - cos 0) 
2 


— = 2W(-rcsc9cottì + -sìnO) = o 


, cos 0 a 

r (~: . -) = - sin 6 
sin 2 e 2 
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11 - 44 . ITie uniform links Afì and BC cach weigh 2 Ib 
and ihe cylinder weighs 20 Ib. Dctcrmine thc horizontal 
force P required to hoid thc mcchanism in the position 
when 0 = 45". Thc spring has an unstrctched lcngth of 
6 in. 


Free Body Diagram : Thc systcm has only onc degrcc of freedom defmcd by 
ihe independem coordinate 6. When 6 undergocs a positive displacement Ô6, 
only the spnng forcc F tp , thc vveight of linics (2 Ib). 20 ib forcc and forcc P do 
work. 

Virtual Displacements : The positions of points B, D and C are measurcd 
from ihe fixed point A using posttion coordinates y B , y 0 and x c respecdvciy. 

ni 
[2] 
(3) 

Virtual- Work Equation : When points B, D and C undcrgo posidve 
virtual displacements Sy B , Sy D zr\d Sx c , spring force F tp that acts at point C, 
thc wcight of hnks (2 lb) and 20 lb forcc do negadve work whik forcc P docs 
posidve work. 

su = 0-. - F„ 5x c - 2(2Sy 0 ) -20Sy, + PSx c = 0 [4] 

Substitutmg Eqs.[l), [2] and [3] into [4] yields 

( 20íî,sin 0-20ftin 8- 220cos 8) S8-0 [5] 

However, frora thespring formula, F, r = kx = 2[2( 10cos9) -6) 

= 40cos d— 12. Subsbtuûng this valuc into Eq.[5) yields 

(800sin 0cos 0 - 240sin 0 - 220cos 0-2O/>sin 0)50 = 0 

Since 50 * 0, then 

800sin 0cos 0 - 240sin 0 - 220cos 0-2O/"sin 0 = 0 
P = 40cos 0- 1 lcot 0-12 

At the equilibrium posiáon, 0 = 45°. Then 

P - 40cos 45° - 1 lcot45° - 12 = 5.28 Ib Ans 


y s = lOsin 8 5y s = lûcos 050 

y 0 = 5sin 0 5y 0 = 5cos 050 

ì c = 2( lOcos 0) 5jc c = -20sin 050 
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^XsaaFhseg^jfi^l^^éipnpo the mec hanism has an 
unstretched length when 9 = 90°. Determine the posi- 
tion 9 for equilibrium and investigate the stability of the 
mechamsm at this position. Disk A is pin-connected to the 
trame at B and has a weight of 20 lb. Neglect the weieht 
of the bars. 



Potential Function: The datum is established at point C. Since the 
center of gravity of the disk is be!ow the datum, its potential enerey is 
negative. Here, y = 2(1.25cose) = 2.5 cosé) ft and the spring com- 
presses ar = (2.5 - 2.5 sin 6») ft. 


V 7 = V, + V, 


= -kx 2 - Wy 


= -(16)(2.5 - 2.5 sin6) 2 -20(2.5cose) 

= 50sin 2 6 - lOOsin^ -50cose + 50 

Equilibrium Position: The system is in equilibrium if — — o 

de 

dv 

-jg = I00sin6cosé> - lOOcosí? + 50sin£ = 0 
dV 

= 50sin 29 - lOOcos0 + 5Osin<? = 0 
Solving by trial and error, 

0 = 37.77° = 37.8” Ans 
Stability: 

d 2 V 

— = IOOcos26>+ lOOsin0 + 5Ocos6> 

d 2 V | 

| s=3 „ r = 100 cos 75.54° + 100 sin 37.77° + 50 cos 37.77° 
= 125.7 > 0 

Thus, the system is in stable equilibrium at S = 37.8° Ans 
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*ll-48. The toggle joint is subjected to the load P. x = 2Lco$e 

Determine the compressive force F ìt creates on the 

cylinder at A as a function of 8. Sx = -2L$i 



\ e 


—i 

J Tr 


a gaBÊ'î 

J 1 


Si = -2L sin 6 56 

y = Lsind 

Sy ~ L cos0 56 

SU = 0; -PSy - FSi = 0 

-PLcosB 66 - F(-2L$m6)S6 = 0 

-Pc OS0 + 2Fsine = 0 



11-49. The umform beam AB weighs 100 Ib. if both springs 
DE and BC are unstretched when 8 = 90°, determine Ihe 
angle 8 for equilibrium using the principle of potential 
energy. Investigate the stability at the equilibrium position. 
Both springs always act in the horizontal position because 
of the roller guides at C and E. 



Potential Function : The damm is established ai point A. Since ihe cenler of 
gravity of die beara is above ihe damm, its potendal cnergy is posidve Here, 
y = (3sin 8) (l the spring uD sueiches x D = (2cos 8 ) ftand the sprtng at B 
compreescs j: = (6cos 8) ft 

V'=V'.*V < 

= lifcr : + Wy 

1 i 1 2 

= -(24)(2cos e) J + -(48)(6cos 8) 2 + 100(3sin 8) 

= 912cos ! 9+300sm 8 


Equilibrium Posiíion : Thc system is in equilibrium if — = 0. 

dQ 


— = -1824sin 6cos ô + 300cos 0 = 0 
d6 


Solving, 

Stability ; 


— = -9l2sin 20+ 300cos 0 = 0 
dQ 


0 = 90° or 0 = 9.467° = 9.47° 


//(A 



— = -I824cos 28 - 300sin 8 

J 2 V I 

3^1 — 1824«, 180°- 300sin 90° = 1524 > 0 

Thus, die system is in stable equilibrium at 8 = 90° 

d}V\ 

d&\o. 9 w =-1824cos 18.933°-300sin 9.467° =-1774.7 < 0 


Thus, the system is in uiutable equilibrium at 8 = 9.47° 
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pos, t iondue t otheroHer S, remaÌnS ' h6 



y = 4 sin0 
Sy = 4 cos 6 60 
F t = 5(4-4sin©) 

6U =0; — 10 Sy + F t Sy = 0 


[-10 + 20(1 -sin0)](4cos0 60) = 0 
cos0 =0 and 10-20 sin0 = 0 
0 = 90° 0 = 30° Ans 


11-51. Solve Prob. 11-5* using the principle of potemial 

he™ TK VeS " gate th£ S,abÌI ' ty ° f the bar whe " it is in 
the equilibrium position. 



y - 4sin0 

v = lO(4sin0) + j(5)(4-4sin9) J 
dV 

— = 40cosfl + 5(4-4sin0)(-4cos0) 


o ■ dv 

Rcquirc, — = 0 

dO 

40cos» - 2O(4-4sine)cos0 = 0 
cos» = 0 or 40 - 80(1-sin0) 

0 = 90 °, or 8 = 30° Ans 
d 1 V 


= 0 


- 40sind + 5(4-4sine)(4sin0) + 5(-4cos9)(-4cose) 

d'V 

= “40sine + 80(l-sine)sine + 80cos ! 9 
d 2 V 

e ~ 900 ’ H&ì ~ < 0 Unstablc Ans 

Stable Ans 


(PV 

30°. ^=60>0 
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*ll-52. 'Ilie punch press consists of the ram R, connecting 
rod AB. and a flywheel. If a torque of M = 50 N • m is 
applied to the flywheel. determine the force F applied at the 
ram to hold the rod in the position 6 = 60°. 


Free Body Diagram : The system has only onedegree of freedotn defined by the 
indepCTideni coordinate 8. When 8 undergoes > pos.dve dUpbcement SB, only 
force F and 50 N m couple momem do wort 

Virtual Displacements : The foroe F is locaied from the fbred pointd using the 
pos mon coordtnate ^. Usmg the law of costnes. 


042 + O.l 2 -2(x,,)(0.1)cos 8 

Di/ferennahng the above expression. we have 

0 = 2x a Sx a -0.2Sx a cos6+0.2x a sin 8S6 

~ 0.2x. sin 6 

Sx *=ÔÌ ZsB-2x: Se 


í 1] 


[ 2 ] 


Ftrtiiaf - Work Equation : When point A undergoes positive viroial displacement 

; ■ F dOCS ne *“ vc work: -n« 50 N. m couple moment does negrove work 
when the flywheel undergoes a postrive viroial rotation S8. 


SV = 0-, -FSx Á -50S6 = 0 

Substttuhng Et).[2] into [3] ytelds 

0.2x. sin 8 


[31 


Since S6 * 0, then 


(- 


0.2cos 8-2x a 
O.Zx^sin 8 


c - 50^(58 = ( 


■F- 50 = 0 


0.2cos 8-2x a 

50(0.2cos 8-2x Á ) 

0,2x. sin 8 


F= — 


At the oquilibrium position, 8 = 60«. Subshnning into Eq.fl], wehave 

+ 0.1 2 -2(x„)(C 
x A = 0.4405 m 



Û-irr 


m 



/ F 

M 




59 aJ-'+’ 








O-» 2 = x 2 a + 0. 1 2 -2(x,, )(0.1)cos 60° 


[4] 

Subshmhng the above results into Eq. [4], we have 

0.2cos 60«- 2(0.44 
0.2(0.4405) sin 60° 


,r_ 50[0.2 cos 60°-2(0.4405)l 
f -- 512 N 


Ans 
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